Detection of Virus Infection in Certain Species of Citrus. by Elsaid, Hany Mohamed
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1964
Detection of Virus Infection in Certain Species of
Citrus.
Hany Mohamed Elsaid
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Elsaid, Hany Mohamed, "Detection of Virus Infection in Certain Species of Citrus." (1964). LSU Historical Dissertations and Theses.
976.
https://digitalcommons.lsu.edu/gradschool_disstheses/976
This dissertation has been 65—3375 
m icrofilm ed exactly as received
ELS AID, Hany Mohamed, 1935- 
DETECTION OF VIRUS INFECTION IN CERTAIN 
SPECIES OF CITRUS.
Louisiana State U niversity, Ph.D., 1964 
Agriculture, plant pathology
University Microfilms, Inc., Ann Arbor, Michigan
DETECTION OF VIRUS INFECTION IN CERTAIN 
SPECIES OF CITRUS
A D is s e r ta tio n
Submitted to  th e  Graduate F acu lty  o f  the  
Louisiana S ta te  U n iv e rs ity  and 
A g ric u ltu ra l and Mechanical C ollege 
in  p a r t i a l  fu lf i l lm e n t  o f th e  
requirem ents fo r the  degree o f 
Doctor o f  Philosophy
in
The Department o f Botany and P lan t Pathology
by
Hany Mohamed E lsa id
B .S ., C airo U n iv e rs ity , 1957 
M.S., L ouisiana S ta te  U n iv e rs ity , 1962 
August, 1964
ACKNOWLEDGMENT
The w r i te r  i s  indebted to  Dr. James B. S in c la i r ,  no t only fo r 
h is  s in cere  he lp  during h is  res id en ce  a t  L .S .U ., bu t a lso  fo r sug­
g e s tin g  and d ire c tin g  th is  re se a rc h . A pprecia tion  i s  o ffe re d  to  
Mr. R. T. Brown, S uperin tenden t, Plaquemines P a rish  Experiment 
S ta tio n , fo r h is  h e lp  in  c o lle c tin g  d a ta  and m a te r ia l  fo r  th is  
in v e s tig a t io n , and to  Dr. J . M. W allace of C a lifo rn ia ,  and Dr. T. 
Grant of F lo rid a  fo r  sending budwood in fe c te d  w ith  c i t r u s  v iru s e s . 
A ppreciation  i s  extended to  Dr. I .  L. Forbes and Dr. T. P. P irone 
fo r h e lp fu l c r i t ic is m  in  f in a l  p rep a ra tio n  o f t h i s  m anuscrip t. 
S incere thanks are extended to  Dr. S. J .  P. C h ilto n  fo r making 
f a c i l i t i e s  a v a i la b le .  A ppreciation  i s  extended to  a l l  o th e r fa c u lty  
and s t a f f  o f L.S.U. who o ffe re d  encouragement during  th e  course of 
the  work toward the  Ph.D. degree.
i i
TABLE OF CONTENTS
Page
ACKNOWLEDGMENT.....................     i i
LIST OF TABLES.................................................................................   iv
LIST OF FIGURES.............................................................................  v
ABSTRACT.............................. - . ............................. ................................................... v i i
INTRODUCTION...........................................................................................................  1
LITERATURE REVIEW . . . . . . ........................    6
P a rt I  - Index ing ........................................................................   6
A. Symptomology  ...................................................  8
B. Methods o f  T ransm ission ..............................................   10
C. R ootstock-Scion  R e la tio n sh ip  ......................    11
P a rt I I  - D if f e r e n t ia l  S ta in in g  and P a th o lo g ica l H isto logy  . 13
A. D if f e r e n t ia l  S ta in in g .........................   13
B. Anatomical S tu d ies .  ..............................   . 16
MATERIALS AND METHODS.....................       . 19
P a rt I  - Indexing P ro c e d u re s ..............................................................• 19
P art I I  - D if f e r e n t ia l  S ta in in g  and P a th o lo g ica l H isto logy  . 21
RESULTS................................................................................................. .... 29
P a rt I  - Use of th e  Iod ine T es t and of C e rta in  Symptoms
in  V irus D e tec tio n  . . 29
P a rt I I  - D if f e re n t ia l  S ta in in g  and P a th o lo g ica l H isto logy . 55
DISCUSSION..................................    69
SUMMARY............................   . .     78
LITERATURE CITED. .  ................................     82
VITA...................................................      88
LIST OF PUBLICATIONS..........................................................................................  89
i i i
LIST OF TABLES
TABLE
1 .
2 .
3.
4.
5.
6 . 
7.
Page
L is t  o f common names and s c ie n t i f i c  names of c i t r u s  
sp ec ies  and v a r i e t i e s  re fe r re d  to  in  the  d is s e r ta t io n .
R eaction  o f randomly se le c te d  mature c i t r u s  t r e e s  from 
which budwood was c o lle c te d  in  Plaquemines P arish  
c i t r u s  groves to  iod ine  ap p lied  above and below the 
bud un ion , both  in  f a l l  of 1963 and sp ring  of 1964.
A ll sc io n s were on t r i f o l i a t e  orange ro o ts to ck s  except 
where in d ic a te d ...................................................................   31
R eaction  below the bud union to  the iod ine  t e s t  o f
greenhouse-grown Rangpur lime (RL) and t r i f o l i a t e
orange (PT) stem s, nonbudded and budded w ith  budwood
known to  be in fe c te d  w ith  e x o co rtis  v iru s  or v iru s -
fre e  budwood a t  time in d ic a te d .......................................................  33
R eaction  to  th e  iod ine  t e s t  o f greenhouse-grown sour
orange stem s, below the  bud un ion , nonbudded and
budded w ith  budwood known to  be in fec te d  w ith p so ro s is
v iru s  or v iru s - f r e e  budwood a t  time in d ic a te d .................  . 36
R eaction  to  th e  iod ine  t e s t  o f greenhouse-grown sour 
orange (SO) and Key lime (KL) stem s, below the bud 
un ion , nonbudded and budded w ith  budwood known to  
be in fe c te d  w ith  t r i s t e z a  v iru s  or v iru s - f r e e  bud­
wood a t  time i n d i c a t e d .............................    37
R eaction  to  th e  iod ine  t e s t  o f greenhouse-grown
Orlando tange lo  (OT) and Rangpur lime (RL) stem s,
below th e  bud un ion , nonbudded and budded w ith
budwood known to  be in fe c te d  w ith  xy loporosis v iru s
or v i r u s - f r e e  budwood a t  time in d ic a te d ....................................  38
R eaction  to  io d in e  t e s t  of greenhouse-grown sour orange
(SO), Key lime (KL), Rangpur lime (RL), Orlando
tan g e lo  (OT) and t r i f o l i a t e  orange (FT), below th e
bud u n io n , nonbudded and budded w ith budwood randomly
c o lle c te d  from c i t r u s  tr e e s  in  Plaquemines P a rish
groves a t  time in d ic a te d .........................    39
R eaction  to  iod ine  t e s t  of leaves from greenhouse-
grown sour orange p la n ts  budded w ith budwood
randomly c o lle c te d  from c i t r u s  tre e s  in  Plaquemines
P a rish  groves and budwood known to  be in fec te d  w ith
p so ro s is  v iru s  a t  tim e in d ic a te d ...................................................  45
iv
LIST OF FIGURES
FIGURE Page
1. R eaction  to  iod ine t e s t  o f Key lime stem se c tio n s  cut a t
the bud union.  ..................................................................  ^
2. R eaction  to  iodine t e s t  immediately a f t e r  h a rv e s t of 
sour orange leaves from p la n ts  non in fec ted  on th e  l e f t ,
and p s o ro s is - in fe c te d  le a f  on the  r i g h t    . 43
3. R eaction  a f t e r  overn igh t s to rag e  to io d in e  t e s t  of 
sour orange leaves from p la n ts  in fe c te d  w ith  p so ro s is
v iru s  and n o n in fec ted ................................................................  48
4. Mature c i t r u s  tre e s  on t r i f o l i a t e  orange ro o ts to c k  . . . .  49
5. Mature c i t r u s  tre e s  showing stem p i t t in g  in  the  wood 
and sw elling  a t  the bud union caused by x y lo p o ro sis  
v iru s  and no p i t t in g  or sw elling  on x y lo p o ro s is - f re e
t r e e ...........................................................   51
6. Root systems of c i t r u s  p la n ts  grown in  greenhouse po ts . . 52
7. Root systems of sour orange p la n ts  grown in  greenhouse
po ts in fe c te d  w ith e x o c o rtis  v iru s ;  in fe c te d  w ith  
t r i s t e z a  v iru s ;  and n o n in fec ted  check a t  one y ear a f te r  
budding............................................................................   53
8. Root systems of sour orange p la n ts  grown in  greenhouse
po ts in fe c te d  w ith x y lo p o ro sis  v iru s ;  in fe c te d  w ith  
p so ro s is  v iru s ;  and n o n in fec ted  check a t  one y ear a f te r  
budding.      . 54
9. Root systems of Key lime p la n ts  grown in  greenhouse 
po ts non in fec ted  and in fe c te d  w ith  t r i s t e z a  v iru s  a t
one and one-ha lf years a f t e r  budding....................................   56
10. Cross se c tio n s  of sour orange stems s ta in e d  w ith
th io n in . . .  .................................................................................   58
11. Cross se c tio n s  of sour orange stems s ta in e d  w ith
p ro fla v in e  s u lfa te  ..................................................................................  59
12. Cross se c tio n s  of sour orange stems s ta in e d  w ith
m ethyl o range.....................  60
13. Cross se c tio n s  of sour orange stems in fe c te d  w ith
p so ro s is  v i r u s ..................................    61
v
FIGURE Page
14. Cross se c tio n s  o f sour orange r o o t s ..........................................  63
, 15. Cross se c tio n s  o f sour orange steins in fe c te d  w ith
2 s tr a in s  o f t r i s t e z a  v i r u s ............................................................ 64
16. Cross s e c tio n  of sour orange ro o t from a p la n t
in fec te d  w ith  t r i s t e z a  v i r u s .  .    65
17. Cross s e c tio n  o f sour orange stem budded w ith 
budwood from a t r e e  in  Plaquemines P a rish  and
s ta in ed  w ith  p ro flav in e  s u l f a t e .....................   67
18. Cross se c tio n s  o f Key lime ro o ts  .from p la n ts  in fe c te d
w ith  t r i s t e z a  v i r u s .  . .  ............................................................  68
v i
ABSTRACT
An indexing program was made fo r the  f i r s t  time in  L ou isiana  to  
determ ine i f  e x o c o r t is ,  p so ro s is , t r i s t e z a  and x y lopo rosis  v iru se s  were 
p re se n t in  c i t r u s  t r e e s  in  Plaquemines P a rish . R esu lts  showed th a t  
th ese  4 v iru se s  were p re sen t in  L ouisiana c i t r u s  t r e e s .  I t  was d i f f i ­
c u lt  to  f in d  any t r e e / f r e e  from a l l  4 v iru s e s .  The iod ine  t e s t  was 
used on trunks o f mature t r e e s  in  the  f i e ld  to  determ ine the presence 
of t r i s t e z a  v i r u s .  R esu lts  in  the f a l l  o f 1963 showed th a t  more s ta rc h  
accumulated below than above bud un ions. In  the  sp ring  of 1964, the  
opposite  r e s u l t s  were o b ta in ed , i . e .  more s ta rc h  was accum ulated above 
than below bud un ions. These tre e s  were presumably in fe c te d  w ith  
t r i s t e z a  v iru s .
The iod ine  t e s t  ap p lied  to  stems o f c i t r u s  in d ic a to r  p la n ts  in  
the greenhouse was found to  be u se fu l as a r e l a t iv e ly  n o n sp e c if ic  t e s t  
to  d e te c t  v iru s  in fe c tio n . The io d in e  t e s t  ap p lied  to  young leaves of 
sour orange p la n ts  in  the  greenhouse was found to  be more s p e c if ic  than 
the above t e s t  fo r d e te c tio n  o f in fe c tio n  hy p so ro s is  v i ru s .  Of 22 
d i f f e r e n t i a l  s ta in s  t e s te d ,  methyl o range, p ro fla v in e  s u lf a te  and 
th io n in  were found u se fu l in  d e te c tin g  in fe c tio n  by p so ro s is  and 
t r i s t e z a  v iru se s  on sour orange stems.
P a th o lo g ica l h is to lo g y  of sour orange p la n ts  in fe c te d  se p a ra te ly  
w ith  each of the  4 v iru se s  s tu d ie d , in d ic a te d  th a t  th e re  were no d i f ­
fe ren ces between stems of check p la n ts  and p la n ts  in fe c te d  w ith  e i th e r  
e x o c o rtis  or xy lo p p ro sis  v iru s e s . Stems o f p s o ro s is - in fe c te d  sour
v i i
orange p la n ts ,  however, where c h a ra c te r iz e d  by phloem n e c ro s is  and 
c ry s ta ls  In  xylem v e s s e ls .  Stems of t r l s te z a - ln f e c te d  sour orange 
p la n ts  were c h a ra c te r iz e d  by phloem n e c ro s is .  For the  f i r s t  time 
chrom atic c e l l s  were rep o rted  In  t r l s te z a - ln f e c te d  sour orange p la n ts .  
These chrom atic c e l l s  were found in  phloem t is s u e s  and xylem ra y s .
Root development of a l l  in fe c te d  c i t r u s  in d ic a to r  p la n ts  was 
reduced. Roots of p s o ro s is - in fe c te d  sour orange p la n ts  were chare- 
te r iz e d  by enlargem ent of v a scu la r rays in  the  periderm . Roots of 
t r l s te z a - ln f e c te d  sour orange p la n ts  were c h a ra c te r iz e d  by phloem 
n e c ro s is . T r ls te z a - ln fe c te d  Key lim e p la n ts  were c h a ra c te riz e d  by 
phloem n e c ro s is  and chrom atic c e l l s .  Chromatic c e l l s  were repo rted  
fo r  the  f i r s t  tim e in  xylem ra y s . Roots o f e x o c o r tis - in fe c te d  t r i ­
f o l i a t e  orange p la n ts  con tained  n e c ro tic  phloem.
O bservations of symptoms in  c i t r u s  orchards in d ic a te d  th a t  
e x o c o rtis  i s  r e s t r i c t e d  to  2 a reas and x y lopo rosis  to  3 a reas  in  the  
sou thern  p a r t  of Plaquemines P a rish . D if f e r e n t ia l  s ta in in g  and 
p a th o lo g ic a l h is to lo g y  of seed lin g s budded w ith  budwood from 
Plaquemines P a rish  in d ic a te d  th a t  73 o f 81 seed lin g s were in fec te d  
w ith  t r i s t e z a  v iru s .a n d  30 of 81 seed lin g s w ith  p so ro s is  v i ru s .
v i i i
INTRODUCTION
The a re as  o f the  world in  which c i t r u s  i s  c u lt iv a te d  a re  found 
throughout i t s  t ro p ic a l  and su b tro p ic a l clim es of the  N orthern and the 
Southern hem ispheres (61, 70). The U nited S ta te s  leads a l l  o th er 
c o u n tr ie s  in  c i t r u s  p roduction ; and in  the U nited S ta te s ,  F lo r id a  
leads a l l  o th er s t a te s  in  the  p roduction  of c i t r u s  (70 ). F lo r id a  
a lone produces more c i t r u s  than any country o th er then the  United 
S ta te s  (61). The world p roduction  of oranges i s  g re a te r  than th a t  . 
of any o ther t r e e  f r u i t  (61).
C itru s  p roduction  has in creased  ra p id ly  during the  l a s t  30 
y e a rs . For example, during the 5 -year period  beginning 1924-1925 th e  
average annual world production  of oranges was 126.2 m ill io n  boxes, 
and during the  5 -year pe riod  beginning 1950-1951, i t  was 335.6 
m ill io n  boxes, an in c rease  of 166 per cen t (61 ). Such in c re ases  
in  c i t r u s  p ro d u ctio n , as in  o th er c ro p s , i s  accompanied by an in ­
c reased  need fo r  p e s t and d isease  c o n tro l . The average annual 
world production  of oranges in  1954-1958 was 26,209 m ill io n  pounds 
(70 ). In 1960, the  production  of oranges in  L ouisiana was 275,000 
boxes a t  a va lue  of $1,031,000 (23).
In c i t r u s  p roduction , the  c o n tro l o f v iru s  d ise ases  has 
become in c re a s in g ly  im portant (11). Unless adequate m easures are  
taken  to  c o n tro l c i t r u s  v iru s  d ise ases  or to  e lim in a te  th e i r  causa l 
agen ts from p ropagating  sou rces, v iru se s  w il l  continue to  be d is ­
tr ib u te d  and add to  the  co s t and d i f f i c u l ty  of p ro f i ta b le  c i t r u s
1
2production  (11 ). D espite  the f e e t  th a t  c i t r u s  i s  one of th e  o ld e s t crop 
p la n ts  and has been w idely d is t r ib u te d  throughout the  w orld , according 
to  Cochran (11) no v iru s  had been proven to  a f f e c t  the  crop u n t i l  
Faw cett, in  1933, dem onstrated the  v iru s  n a tu re  of p so ro s is . Since 
then more than 10 c i t r u s  d ise ases  have been shown to  be caused by 
or a sso c ia te d  w ith  v iru se s  (11). L i t t l e  d a ta  a re  a v a ila b le  th a t  
would a id  in  th e  fo rm ula tion  of s p e c if ic  f ig u re s  on the  amount of 
damage caused by v iru s  d ise ases  to  c i t r u s  p roduction  (11 ). A 
c a ta s tro p h ic  example . is . th e  damage caused by t r i s t e z a  in  th e  s ta te  
o f Sao Paulo , B ra z i l .  T r is te z a  v iru s  spread in  about 12 y ears  to  
a l l  c i t r u s  growing a re a s , destro y in g  upwards o f 6 m ill io n  t r e e s  or 
about .75, per cen t o f a l l  t r e e s  in  th a t  s ta te  (11 ). S im ila r damage 
was rep o rte d  in  South A frica  (11 ).
The most d e s tru c tiv e  and w idely d is t r ib u te d  c i t r u s  v iru s e s ,  
namely e x o c o r tis ,  p s o ro s is , t r i s t e z a  and x y lo p o ro s is , a re  spread 
through in fe c te d  budwood (11). T r is te z a  i s  a ls o  tra n sm itte d  by 
in s e c ts  (11) and in fe c tio u s  v a r ie g a t io n , a s t r a in  o f p so ro s is  v i ru s ,  
has been shown to  be m echanically  tra n s m iss ib le  to  herbaceous h o s ts  
(26).
i
Because c i t r u s  v iru se s  a re  spread  p r im a rily  through>,budwood,
i
i t  was recognized  th a t  budwood c e r t i f i c a t io n  programs would be an 
im portan t c o n tro l measure (11), When c i t r u s  p la n ts  a re  in o cu la te d  
w ith  c i t r u s  v iru s e s ,  symptoms develop slowly and o ften  re q u ire  months 
o r evep years  fo r ex p ress io n . Thus, many in v e s tig a to r s  have f e l t  the 
need fo r t e s t s  to  id e n t i fy  v iru s  in fe c tio n  in  p la n t t is s u e  (31).
These means o f  id e n t ify in g  v iru s - in fe c te d  t is s u e  would serve a
u se fu l purpose in  producing v i ru s - f r e e  budwood and stocks In nu rsery  
m a te r ia l , p a r t ic u la r ly  where symptom development i s  delayed or ob­
sc u re , o r when symptomless h o s ts  com plicate procedures (31). The 
value o f such procedures n o t only has i t s  p r a c t ic a l  a sp ec ts , bu t 
may a lso  a id  in  a b e t te r  understand ing  o f the  v iru s  and the response 
of the h o st to  i t  (31).
A fter th e  hard  freeze  of 1962 (5 9 ), th e re  was an u rg en t need 
in  L ouisiana to  evaluate  th e  rem aining t r e e s  as sources of v i r u s - f r e e  
budwood to  rep la ce  the c i t r u s  groves th a t  were d estro y ed . T his need 
was f e l t  no t only by the L ou isiana  c i t r u s  grow ers, b u t , a ls o , by 
th e  O ffice  of th e  L ouisiana S ta te  E ntom ologist, members.of th e  
L ou isiana  A g ric u ltu ra l E xtension Serv ice and L ouisiana A g ric u ltu ra l 
Experiment S ta tio n . There had been no e f f o r t  made to  determ ine the 
occurrence of c i t r u s  v iru se s  in  L ou isiana  t r e e s  p r io r  to  th a t  tim e. 
T r is te z a  was found in  1950 in  c e r ta in  Plaquemines P a rish  c i t r u s  
t r e e s  (5 ) . O bservations by Brown (5) s in ce  1950 in d ic a te d  the  
p resence of e x o c o r t is ,  p so ro s is  and p o ss ib ly  x y lo p o ro sis  in  
L ou isiana .
Thus t h i s  in v e s tig a tio n  was begun in  l a t e  summer, 1962 w ith 
two c o n s id e ra tio n s  in  mind, The f i r s t  was to  index and assay fo r 
th e  presence o f the four c i t r u s  v iru se s  in  L ouisiana c i t r u s  t r e e s ,  
no t only by u sin g  a v a ila b le  p rocedures, b u t a lso  by developing new 
ones. The second o b je c tiv e  was to  accumulate more knowledge about 
th e  response o f young p la n ts  of c e r ta in  c i t r u s  v a r i e t i e s  to  th e  four 
c i t r u s  v iru s e s .  T herefo re , the  purposes o f th i s  study were:
1. To determ ine th e  e x te n t of in fe c tio n  by e x o p o rtis , p so ro s is , 
t r i s t e z a  and xy lopo rosis  v iru se s  in  su rv iv in g  c i t r u s  t r e e s  in  Plaquemines 
P a rish ; and
2. To determ ine i f  c i t r u s  v iru s  in d ic a to r  p la n ts ,  budded 
se p a ra te ly  w ith  budwood in fe c te d  w ith  1 o f 4 known v iru s e s ,  showed 
anatom ical d if fe re n c e s  and /or d iffe re n c e s  in  re a c tio n s  to  d i f f e r e n t i a l  
s ta in s  when compared w ith  nonbudded p la n ts  or p la n ts  budded w ith hon- 
in fe c te d  budwood.
The common names w i l l  be used of the  v a rio u s  c i t r u s  species 
and v a r i e t i e s  re fe r re d  to  in  th i s  d i s s e r ta t io n .  A l i s t  of the  common 
names and th e i r  re sp e c tiv e  s c i e n t i f i c  name are  p resen ted  (Table 1 ).
5Table 1. L is t  of common names and s c i e n t i f i c  names of c i t r u s  spec ies  
and v a r i e t i e s  r e f e r r e d  to  in  the  d is s e r ta t io n .
Common Name S c ie n t i f ic  Name
1. C arrizo  c itra n g e C itru s  s in e n s is  x Poncirus t r i f o l i a t a  (hybrid)
2. C itranges C. s in e n s is  x P. t r i f o l i a t a  (hybrid)
3. C itron C. mediea i
4. G ra p efru it C. p a ra d is i ,  Macf.
5. Key Lime C. au ra n tifo liu m , (C hristm ), Swing
6. Lemon C. lemon, (L .) ,  Burm
7. Mandarin ' C. r e t i c u l a t a .  Blanco
8. Morton c itra n g e C itru s  sp.
9. Orlando tangelo C. r e t i c u l a t a  x C. p a ra d is i  (hybrid)
10. Rangpur lime C. lim onia . Asbeck.
11. Rough lemon C. lum hiri. (L ush ing ton). Rusk
12. Satsuma C. n o b i l i s ,  L oureiro
13. Sour orange C. aurantium  (L .) ,  Asbeck.
14. Sweet lime C. l im e tto id e s . Tanaka
15. Tangarine C itru s  sp.
16. T r i f o l ia t e  orange Poncirus t r i f o l i a t a  (L .) .  R aff.
17. Uvalde j c itra n g e C itru s  s p .
18. V alencia orange C. s in e n s is ,  L.
19. Washington naval C. s in e n s is ,  L.
LITERATURE REVIEW
C itru s  v iru se s  have been d e te c ted  and d is tin g u ish e d  by 
symptomolQgy, in se c t and seed tran sm iss io n , and indexing  on d i f ­
f e r e n t ia l  c i t r u s  h o s ts  (3 , 7 , 9 , 18, 19, 20, 22, 24, 29, 36, 37, 44, 
46 , 48, SO, 52, 54, 60, 63, 64, 65, 66, 67, 68). Of the  recogn ized  
c i t r u s  v i ru s e s ,  only one, a s t r a in  o f p so ro s is  v i r u s ,  has been suc­
c e s s fu lly  m echanically  tra n sm itte d  (28). Complete l i t e r a t u r e  review s 
and re p o r ts  of re c e n t advances in  c i t r u s  v iro lo g y  have been pub lished  
(50 , 67).
P a r t I  
Indexing
C itru s  i s  no t n a tiv e  to  any of the  c o u n tr ie s  o f the  world 
which today a re  lead in g  prpducers o f th is  crop . In  these  c o u n tr ie s  '  
th e  c i t r u s  in d u s try  has been e s ta b lis h e d  and to  a la rg e  e x te n t main­
ta in e d  by im porta tion  of c i t r u s  v a r i e t i e s  and s e le c tio n s  from o th er 
p a r ts  of the  w orld. U n til  about 30 years ago, th e re  was f re e  ex­
change o f c i t r u s  seeds and p la n ts  o r p ropagative  m a te r ia l  between 
c i t r u s  producing c o u n tr ie s . T his p e rm itted  the c o l le c t io n ,  in  a 
g iven  coun try , of a wide assortm ent o f c i t r u s  s p e c ie s , v a r i e t i e s ,  
and s e le c tio n s  fo r t r i a l  as to  th e i r  value as f r u i t  ty p es , ro o ts to c k s  
or fo r use  in  breeding  program s. As c i t r u s  moved, however, from i t s  
n a tu ra l  h a b i ta t  in  the  Far E ast to  o th e r p a r ts  o f th e  w orld , i t  
c a r r ie d  w ith  i t  c e r ta in  fungus and v iru s  d ise a se s  and in s e c t  p e s ts .
Some of th ese  no doubt o r ig in a te d  in  th e  n a tiv e  home o f c i t r u s ,  w hile 
o th e rs  were perhaps acqu ired  as c i t r u s  moved from one country  to  
an o th er. C itru s  producing c o u n tr ie s  now have c e r ta in  q u aran tin e  
r e s t r i c t i o n s  to  p reven t th is  in d isc rim in a te  in tro d u c tio n  o f c i t r u s  
p ropaga tive  m a te r ia l from o th e r p a r ts  o f the  w orld. Such r e s t r i c t i o n s  
were o r ig in a l ly  designed to  p reven t the  in tro d u c tio n  of b a c te r ia l  and 
fungus d ise a se s  and in s e c t  p e s ts .  As knowledge and understand ing  of 
v iru s  d ise a se s  developed, and a f te r  i t  was lea rn ed  th a t  some v iru se s  
can be c a r r ie d  by c e r ta in  h o s t sp ec ie s  in  l a te n t  form* q u aran tin e  
re g u la tio n s  were made more s t r i c t .  Because o f th e  recogn ized  danger 
o f v iru s  d ise a s e s , the  im porta tion  of new c i t r u s  v a r i e t i e s  in to  
C a lifo rn ia  during th e  p a s t 25 years has been r e s t r i c t e d  to  seed im­
p o r ta t io n . In  C a lifo rn ia , a cooperative_program  between the  United 
S ta te s  Department o f A g ric u ltu re ; C a lifo rn ia  S ta te  Department of 
A g ric u ltu re ; and the  U n iv e rs ity  o f C a lifo rn ia  i s  now in  p rog ress 
which perm its  th e  in tro d u c tio n  of c i t r u s  budwood from o th e r p a r ts  o f 
th e  w orld (66 ). Several s t a te s  and c o u n tr ie s  use indexing procedures 
to  o b ta in  sources of v i r u s - f r e e  sc ion  m a te r ia l  fo r nurserymen, as w ell 
as fo r re se a rc h  (24, 29, 46, 48, 52, 62, 63, 64). The c i t r u s  v iru se s  
which a re  u su a lly  indexed in  such programs a re : e x o c o r t is ,  p so ro s is ,
t r i s t e z a ,  and x y lo p o ro sis  (24 , 29, 46, 48, 52, 62, 63, 64). Indexing 
fo r th ese  c i t r u s  v iru se s  depends m ainly on symptoms expressed  when a 
cand idate  budwood i s  g ra f te d  on su sc e p tib le  ro o ts to c k  (24, 29, 46, 48,
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E xocortis
This d ise a se , which I s  a lso  known as b u tt  s c a lin g  d ise ase , 
I s  d is t r ib u te d  a l l  over the  world (36 ). The f i r s t  evidence of the 
v iru s  n a tu re  o f th is  d isease  was e s ta b lish e d  in  1950 (36). There 
i s  evidence th a t  th e re  a re  sev era l s t r a in s  o f the v iru s  (7 ) . This 
d isease  was f i r s t  recognized  in  L ouisiana in  1950 (5 ) . I t  may take 
from 6 months to  8 years fo r symptoms to  show on t r i f o l i a t e  orange 
(45, 58). The d isease  becomes ev iden t on t r i f o l i a t e  orange ro o t-
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stocks in  the  f i e ld ,  about 2 years a f te r  budding, by n o tic e a b le  
dwarfing of scion  (27, 28). About 4 to  8 y e a rs  l a te r  a bark sca lin g  
on the  ro o ts to ck  becomes ev iden t (58, 60). The ou ter bark sep ara tes  
from the  inner bark  in  narrow s t r ip s  and p e e ls  o ff (F ig u re  4 ). In­
fec ted  tre e s  are  u n th r i f ty  and dwarfed, and y ie ld s  begin  to  f a l l  
below those of h ea lth y  t r e e s  (58). About 2 years a f t e r  budding, 
d iseased  Rangpur lime ro o ts to c k s  show gumming from th e  stock  union 
to  the  s o i l  l in e  (58 ). This fa c t  coupled w ith  o ther observa tions a t  
the  Plaquemines P a rish  Experiment S ta tio n , F o rt Sulphur, L ou isiana, 
led  to  the conclusion  by Brown (5 ) , in  1954, th a t th e re  was an 
a sso c ia tio n  between the  gumming on Rangpur lim e ro o ts to ck  and the 
e x o c o rtis  d ise a se . These fin d in g s were v e r i f ie d  by M oreira (44) in 
1955.
P so rosis
This d isease  i s  a lso  worldwide in  d is t r ib u t io n .  The v iru s -  
n a tu re  of th is  d isease  was shown in  1933 (18) . This d isease  was
f i r s t  rep o rte d  in  L ou isiana  by Faw cett in  1936 (5 ) . I t  was re p o rte d  in  
L ouisiana again  in  Plaquemines P a r ish , L o u is ian a , in  1950. P so ro sis  
i s  a name given to  groups o f r e la te d  v iru s  s t r a in s  in c lu d in g : 
p so ro s is  A, p so ro s is  B, concave gum d ise a se , b l in d  pocket, c r in k le  
l e a f ,  and in fe c tio u s  v a r ie g a tio n  (20, 21, 22, 37). A ll o f th ese  
s t r a in s  induce s im ila r  fo lia g e  symptoms (20 ). On young le a v e s , 
sm all, e longated , c le a re d  p laces  o f l ig h te r  co lo r than normal appear 
near the  sm aller v e in s . This c le a r in g  and f le c k in g  may invo lve  a l l  
or p a r t  of th e  le a v e s . Sometimes th e  sp o ts  coalesce  to  form b lo tc h es  
or an o a k -le a f  p a t te rn .  Another common symptom, but n o t n e c e s s a r i ly  
c h a r a c te r i s t i c  of a l l  p so ro s is  v i ru s e s ,  i s  th e  bark  s c a lin g . T his 
symptom can appear on e i th e r  sc io n  or ro o ts to c k  (20, 22). The time 
req u ire d  fo r fo lia g e  or bark  symptoms to  appear v a r ie s  from one month 
to  se v e ra l years (20 , 25, 37).
T r is te z a
T his d isease  i s  d is t r ib u te d  a l l  over the  world (3 6 ), and i s  
one o f the  most d e s tru c t iv e  d ise a se s  o f c i t r u s  (36). I t  was f i r s t  
recognized  in  the Union of South A frica  (49 ). The v iru s  n a tu re  of 
t h i s  d ise a se  was e s ta b l is h e d  in  1946 (36 ). In fe c te d  t r e e s  f a f l  ra p id ly  
and may d ie  in  a few months (60 ). The f i r s t  reco rd  of th e  d ise a se  in  
L ouisiana was made in  1950 by P lak idas (5 , 5 4 ), bu t th e  s t a te  escaped 
w ith  only m oderate lo s se s  (5 ) . Schexnayder (5 4 ), in  1953, v e r i f ie d  
P la k id a s ' f in d in g s . This v iru s  i s  made up of s t r a in s  d i f f e r in g  in  
th e i r  v iru le n ce  (13, 14, 25, 26, 27, 28). The above ground symptoms 
in c lu d e : leaves th a t  a re  c h lo ro t ic ,  dwarfed and tend to  shed, some­
tim es flec k in g  appears on young leaves (49 ). Twigs d ie  back and
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th e re  may be o ff-se a so n  flow ering  (49, 60 ). The ro o t system  i s  e f fe c te d . 
Sm aller ro o ts  d ie  back f i r s t  and l a t e r  la rg e r  ro o ts  may succumb (49,
6 0 ). Death of In fe c te d  t r e e s  follow  any tim e from a few months to  a 
few years  a f te r  th e  f i r s t  symptoms begin  to  show (44).
— X yloporosis
This d isease  i s  d is t r ib u te d  a l l  over th e  world (3 6 ), and i s  
known a lso  as cachexia or Orlando tangelo  d isease  (9 ,3 6 ) . The v iru s  
n a tu re  of the  d ise a se  was e s ta b lis h e d  in  1950 (37). Symptoms c o n s is t 
o f s tu n tin g , wood p i t t i n g ,  and phloem t is s u e  im pregnated w ith  gum (9,
36). E x ternal symptoms are  shallow  cracks in  the  bark . When the bark 
i s  removed, p i t t i n g  o f th e  ro o ts to c k  can be seen (48 ). F i t t in g  can 
occur a lso  on c e r ta in  sc ions (48). In fe c te d  t r e e s  become g en e ra lly  
u n th r i f ty ,  tend  to  d e v o lia te  and become d is to r te d  and dwarfed (36,
4 8 ).
B. Methods o f Transm ission
C itru s  v iru se s  a re  spread m ainly through in fe c te d  budwood 
(36, 48 ). The only known method of tra n s m ittin g  e x o c o rtis  i s  through 
budding or g ra f t in g  (58 ). P so ro sis  a lso  i s  m ainly tra n sm iss ib le  
through budding or g ra f t in g  (60 ). R ecently  Grant and C orbett (26) 
were ab le  to  m echanically  tran sm it a s t r a in  o f p so ro s is  c a l le d  in ­
fe c tio u s  v a r ie g a tio n . This has f a c i l i t a t e d  the  work w ith  th i s  s t r a in .  
There i s  a re p o r t  about an a s so c ia tio n  between Phvtophthora spp. and 
the  tran sm iss io n  of t h i s  v iru s  (37).
T r is te z a  i s  tra n sm itte d  by budding and by se v e ra l sp ec ies  of 
aph ids. Aphids th a t  have been rep o rted  capable of tra n s m ittin g  th is
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v iru s  a re : Aphia c i t r i c id u s  K irk , A. t r a v e r s i  Del G uerlcp, A. c i t r i c o l a
van der Goot, A. g o ssv p ii G lover, A. sp ira e c o la  P a tch , Toxoptera • 
a u re n t i i  B. de Fonsc, and T. c i t r ic id u s  K irk (14, 4 7 ). These in s e c ts  
d i f f e r  in  th e i r  e f f ic ie n c y  as v e c to rs  (14 ). Aphid v e c to rs  become 
in fe c tiv e  during  a sh o rt feed ing  p e rio d  and lo se  th e i r  a b i l i t y  to  
tran sm it the  v iru s  r a th e r  ra p id ly  (14).
X yloporosis i s  tra n sm itte d  m ainly through g ra f t in g  (9 , 60).
In  F lo r id a , however, th e re  i s  some evidence th a t  i t  i s  se e d -tra n sm itte d  
(9) .
C. R ootstock-Scion  R e la tio n sh ip
I t  i s  known th a t  in c o m p a tib il i ty  re a c tio n s  between ro o ts to c k  
and sc ion  in  v a r i e t i e s  o f c i t r u s  may be caused by d i f f e r e n t  v iru se s  
(4 , 4 9 ). The re a c t io n  of th e  h o s t to  c e r ta in  c i t r u s  v iru se s  depends 
on th e  com bination of ro o ts to c k  and sc ion  (36). /
E xocortis
S in c la ir  and Brown (58) s tu d ied  the  response o f d i f f e r e n t  
ro o ts to ck s  to  t h i s  v i r u s .  The ro o ts to c k s  te s te d  were: C leopa tra
m andarin, C a rrizo , Morton and Troyer c i t r a n g e s , Rubidoux t r i f o l i a t e  
orange, Rangpur lim e, W illiam s ta n g e lo , Morton and Uvaide c it ra n g e s .
They found th a t  symptoms o f e x o c o r tis ,  c o n s is tin g  of bark  sc a lin g  
near the  s o i l ,  appeared 2 y ears  a f te r ' budding on Rubidoux t r i f o l i a t e  
orange and Morton c it ra n g e . Symptoms developed more ra p id ly  on the  
l a t t e r .  Rangpur lim e showed gumming and bark  sloughing 2 y ears  a f te r  
budding. A ll ro o ts to c k s  o f Rubidoux t r i f o l i a t e  o range, C a rrizo ,
Morton and Troyer c i t r a n g e s , Rangpur lim e and W illiam s tan g e lo
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showed bark  sc a lin g  w ith in  5 y ears  a f t e r  budding. Of th e s e , Rubidoux 
t r i f o l i a t e  orange and C arrizo  c itra n g e  produced no gunning. Root- 
s to ck  of W illiam s ta n g e lo , whether budded w ith  e x o c o r t is - f re e  or 
e x o c o r t is - in fe c te d  sc io n s , produced gumming and b a rk  slough ing .
Bark sc a lin g  and gumming d id  no t appear on C leopa tra  m andarin, sour 
o range, c itrem on, ro o ted  c u tt in g s  o f V alencia  orange or Morton and 
Uvalde c itra n g e s  (5 8 ). Some ro o ts to c k s , such as sour o range? were 
considered  to le ra n t  to  the  v iru s  (36 ).
P so ro sis
P so ro sis  d ise a se  a f f e c ts  a l l  h o r t ic u l tu r a l  v a r i e t i e s  grown on 
any ro o ts to c k  (65).
T r is te z a
In  the  Union of South A fric a  i t  was found th a t  v a r ia t io n  in  
ro o ts to c k  m a te r ia l  may r e s u l t  in  d if fe re n c e s  in  to le ra n c e  to  the  
v i ru s ,  which in  tu rn  may in flu e n ce  the  h o st re a c tio n s  o f  grove t r e e s  
budded on such s to ck s (49). I t  was found a lso  th a t  g e n e tic  d i f f e r ­
ences in  c i t r u s  c lo n e s , a r is in g  through bud v a r ia t io n s  may iik ew ise  
r e s u l t  in  d i f f e r e n t  degrees of"~tolerance to  t r i s t e z a .  I t  was found 
a lso  th a t  in fe c tio n  u su a lly  r e s u l te d  in  se rio u s  d e c lin e  and r e l a t iv e ly  
sh o rt economic l i f e  o f g r a p e f r u i t ,  c i t r o n ,  and Mexican lime (Key lim e ), 
when budded on rough lemon ro o ts to c k  (49 ). Sweet orange on rough 
lemon and t r i f o l i a t e  orange are  known to  be to le ra n t  com binations 
(49).
13
X yloporosis
The most su s c e p tib le  ro o ts to c k s  a re  P a le s tin e  lim e and o th e r 
sweet lim es (9 ) . Mandarins and tan g e lo s a ls o  are a f£ec ted  (9 ). I t  
was rep o rted  th a t  sweet lime scion on sour orange ro o ts to c k  was a 
su sc e p tib le  com bination (7 , 48).
P a r t  I I
D if f e r e n t ia l  S ta in in g  and P a th o lo g ica l H isto logy
Chemical and anatom ical evidence o f in fe c tio n  c h a r a c te r i s t i c  of 
s p e c if ic  d iseases^  i f  known, would be of g re a t  v a lu e  in  d iag n o s is  (17, 
31).
A. D if f e re n t ia l  S ta in in g
Review a r t i c l e s  concerned w ith  the u se  o f d i f f e r e n t i a l  s ta in s  
fo r  the d e te c tio n  o f  in fe c tio n  by p l a n tv i r u s e s  have been pub lished
(8 , 31). An ac id  s ta in in g  t e s t  fo r phony d ise a se  of peach has been
developed (33 ). The t e s t  c o n s is ts  o f p lac in g  a c ro ss  se c tio n  o f peach 
ro o t or stem in  a so lu tio n  of 1-5 drops of chem ically  pure hydroch lo ric  
ac id  in  25 ml ab so lu te  a lco h o l. A fte r a few m inutes exposure, p u rp lish  
do ts become v i s ib le  throughout the  wood of d iseased  t i s s u e .  Any 
m oderately strong  a c id  can be used , according to  Kenknight (34).
The acid  t e s t  appeared to  be more s p e c if ic  than th e  p h lo ro g lu c in o l 
t e s t  fo r phony peach v iru s  (6 ) . L inder (38) and L inder, e t  a l .  (40,i
s *
41) described  the use of c e r ta in  c o lo r t e s t s  fo r the  d e te c tio n  o f a
v iru s  d isease  complex in  stone  f r u i t s .  The s ta in in g  procedure con­
s is te d  of f i r s t ,  ch lo ro p h y ll e x tra c tio n , and then fix in g  the  phenols
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In  th e  p la n t  t i s s u e .  This was follow ed by a trea tm en t w ith  sodium 
hydroxide. I t  was found th a t  a red  co lo r developed in  d iseased  p la n t t 
t i s s u e .  T his re a c t io n  i s  l im ite d  to  p la n t sp ec ies  having a polyphenol 
system  s im ila r  to  th a t  p re sen t in  deciduous t r e e s .  L in d er, Weeks and 
K irk p a tr ic k  (39) summarized the r e s u l t s  o f 70,000 t e s t s  w ith  cherry  and 
peach t r e e s  to  determ ine th e  most s u i ta b le  t is s u e  to  u se . Leaves p ro ­
v ided  the most s u i ta b le  m a te r ia l ,  bu t wood could be used and was u se fu l 
during  th e  dormant season. The c h ie f  l im ita t io n  recognized  by these 
workers was the  i n a b i l i t y  to  d is t in g u is h  in fe c tio n  by a s p e c if ic  v iru s  
when se v e ra l might be p re se n t.
M uller and A ldrich  (43) attem pted to  apply L in d e r’s t e s t  to  the  
d e te c tio n  o f v iru se s  in  the  leaves o f straw berry  p la n ts .  They found i t  
u se fu l to  th e  e x te n t th a t  severe ly  d iseased  p la n ts  always gave red  co lo r 
in  response to  t h i s  t e s t  in  s p i te  o f the age o f the le a v es . In  m ild ly  
d iseased  p la n ts ,  a red  co lo r was ob ta ined  a t  f i r s t ,  bu t as the  leaves 
aged, n eg a tiv e  r e s u l t s  were ob ta ined .
The p h lo ro g lu c in o l t e s t  has been used to  d e te c t l e a f  r o l l  v iru s  
in  p o ta to  (8 ) . K losterm eyer (35). ap p lied  the p h lo ro g lu c in o l t e s t  to  
d is t in g u is h  between p o ta to  p la n ts  in fe c te d  in  th e  f i e ld  w ith  le a f  r o l l  
v iru s  and non in fec ted  p la n ts .
Antoine (1) re p o rte d  the  use of 2 ,3 ,5 - tr ip h e n y l ch lo rid e  to  
determ ine the  presence of ra to o n  s tu n t v iru s  in  sugarcane. This t e s t  
depended on the  com parative r a p id i ty  o f co lor change in  d iseased  and 
h e a lth y  p la n ts  from green to  re d . According to  C arte r (3 1 ), M uller 
and Munroe used rhodamine B, n e u tra l  re d , and b r i l l i a n t  c re sy l blue 
to  determ ine in fe c tio n  by p o ta to  v iru s  y in  p o ta to  b e fo re  any patho­
lo g ic a l  changes in  in fe c te d  t is s u e  could be observed.
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Rawlins (51) rep o rted  a m o d ifica tio n  of B a ld 's  s ta in  fo r c e l l  
in c lu s io n s  and found th a t  tobacco m osaic v iru s  in c lu s io n  bodies 
s ta in e d  p u rp le . According to  C arte r (8 ) , van Duveren d escribed  a 
new chemical method fo r  m easuring the in te n s i ty  o f beet yellow  v iru s  
in fe c tio n . This t e s t  was based on the  use o f a reagen t c o n s is tin g  of 
a 0 .5  per cen t so lu tio n  of 3 ,5 - d in i t r o - s a l i c y l ic  ac id  d isso lv ed  in  
sodium hydroxide.
In  c i t r u s ,  the  use of s ta in s  fo r the  d e te c tio n  o f v iru s  in fe c ­
t io n  has been re p o rte d  in  only a few cases (10, 19, 54).
C h ild s , Norman and E ich lo rn  (10) found a 98.6 per cent c o rre c t
d iag n o sis  fo r e x o c o rtis  v iru s  in fe c tio n  in  t r i f o l i a t e  orange using  the
phoroglucino l t e s t .  B urnett (6) ap p lied  the  same t e s t  to  index for
e x o c o rtis  v i r u s .  He mentioned th a t  an a rb i t r a r y  system o f ev a lu a tin g
se c tio n s  was a rr iv e d  a t  a f t e r  c o n su lta tio n  w ith  C h ilds. When 3 or 
^  *
more phloem ray  c e l l s  were s ta in e d  red  in  10 s e c tio n s , a p o s it iv e  
d iagnosis  was g iven . When" 2 c e l l s  were s ta in e d  re d , the  d iagnosis 
was c a lle d  "probably p o s it iv e ."  A "probably n eg a tiv e"  d e s ig n a tio n  was 
given when only one c e l l  was s ta in e d  in  10 s e c tio n s . A n eg ativ e  de­
te rm in a tio n  was given when no c e l l s  were found s ta in e d . The o r ig in a l  
au tho rs d id  no t consider i t  as a r e l i a b le  t e s t .
The s ta rc h - io d in e  t e s t  has been used fo r d e te c tio n  of in fe c tio n  
w ith  t r i s t e z a  v iru s  in  c i t r u s  t r e e s  in  the f i e ld  (19, 54). Bark and 
p a r t  o f the  xylem were removed a t  a p o in t to  include  t is s u e  both  above 
and below the  bud union; then a 0 .3  per cen t iod ine  so lu tio n  was 
smeared on the  exposed t is s u e .  I f  the  t r e e  was in fe c te d  w ith  t r i s t e z a ,  
more s ta rc h  accumulated above the  bud union than below th e  bud union
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(19, 5.4) and the  t is s u e  above th e  bud union s ta in e d  a dark b lu e . When 
the  s ta rc h - io d in e  t e s t  was ap p lied  to  t r e e s  In fe c te d  w ith  p so ro s is  
v i ru s ,  the  wood was found to  be devoid of s ta rc h  (3) and the  blue
/
co lo r was ab sen t. The io d in e -s ta rc h  t e s t  has been used on leaves 
fo r the  d e te c tio n  and assay of o th e r p la n t v iru se s  ( 2 , 8 , 19, 5 4 ) .
B. Anatomical S tud ies
Anatomical s tu d ie s  have added to  the  in fo rm ation  on response 
of p la n t c e l l s  to  v iru s  in fe c tio n  (17). Symptoms induced by d if f e r e n t  
v iru se s  d i f f e r  w ith  regard  to  th e i r  d is t r ib u t io n  in  the  p la n t  (17).
Esau (15, 16, 17) pub lished  3 a r t i c l e s  about anatom ical changes in  
p la n t t is s u e  due to  v iru s  in fe c tio n . She d iv ided  the  response of 
p la n ts  to  v iru s  in fe c tio n  in to  3 groups. The f i r s t  group included  
d ise ases  caused by mosaic v iru s e s . In  th is  group, in te rn a l  symptoms, 
such as in c lu s io n  b o d ies , were found in  a l l  l iv in g  t is s u e s  o f the  h o s t ,
J
in c lu d in g  phloem and xylem. The e f f e c t  was n o t lo c a liz e d  in  any s p e c if ic  
lo c a tio n . The second group included  d ise ases  caused by th e  yellow s 
v iru s e s .  This group of v iru se s  induced prim ary p a th o lo g ic a l changes 
in  phloem t i s s u e .  The th i r d  group included the  v iru se s  whose primary 
e f f e c t  was on the  xylem, e .g . 'F i e r c e 1s d isease  o f grape (17 ). There 
has been a very  lim ite d  number of re p o r ts  on th e  p a th o lo g ic a l anatomy 
of c i t r u s  v iru s e s .
P so rosis
Anatomical work concerned w ith  t h i s  v iru s , has been done w ith  
mature t r e e s  (69 ). Changes in  stem t is s u e s  were no ted , in c lu d in g  the  
form ation of abnormal darkening of parenchyma c e l l s  in  the  co rtex  (69)
and production  o f a phellogen  la y e r  sub jacen t to  t h i s  c e l l  darkening.
The phelloderm  was more abundant in  d iseased  than in  h ea lth y  stems.
I t  was a lso  found th a t  as th e  d ise a se  p ro g ressed , a group of parenchyma 
c e l l s ,  n ea re r to  th e  c e n te r , became darkened and phellogen  formed 
sub jacen t to  th a t  group of c e l l s .  Gum was commonly formed in  the  
xylem t is s u e  and o c ca s io n a lly  occurred  in  gum pockets in  the abnormal 
phelloderm . D iseased xylem was c h a ra c te r iz e d  by co n cen tric  r in g s  or 
p a r t i a l  r in g s  of v e r t i c a l  gum ducts between rays and by s c a tte re d  
v e s s e l s .p a r t i a l ly  plugged w ith  gum. The epiderm and mesophyll lay e rs  
o f leaves from d iseased  p la n ts  showed c e l l s  h e av ily  s ta in e d  by sa fra n in . 
Gum was produced in  the  mesophyll la y e rs  and in  mature le a v es , abnormal 
darkening o f the  epiderm al c e l l s  and o cca s io n a lly  in  th e  mesophyll was 
noted  (69) *
T ris te z a
Some p a th o lo g ic a l anatom ical s tu d ie s  have been done on both old 
t r e e s  and se ed lin g s  in fe c te d  w ith  t r i s t e z a  v iru s  (55, 56, 57).
In  se e d lin g s , the  form ation of chrom atic c e l ls  in  d iseased  
t is s u e  appeared to  be the  prim ary symptoms of t r i s t e z a  in  c i t r u s  p la n ts  
(56, 57). Chromatic c e l l s ,  however, were no t observed on sour orange 
ro o ts to c k  (57 ). Chromatic c e l l s  a re  f i r s t  formed ad jacen t to  sieve  
tubes (57 ). Wood p i t t in g  occurred  in  Mexican lime (Key lim e) when the  
chrom atic c o n d itio n  spread to  the  cambium and caused a degenera tion  of 
th e  m eristem  in  lo c a liz e d  a re a s . New wood i s  not formed in  th is  a rea  
and wood p i t s  develop as a r e s u l t  (57). In  ro o ts  of c i t r u s  p la n ts  in ­
fe c te d  w ith  the  seed lin g  yellow s v i r u s ,  s ieve  tube n e c ro s is  near
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chrom atic c e l l s  occurred throughout the  p la n t . Excessive phloem pro­
duction  was no ted , bu t th e re  was l i t t l e  secondary xylem formed (57).
In  mature t r e e s  phloem n e c ro s is  was p resen t a sh o rt d is tan c e  below the  
bud union (55 ).
MATERIALS AND METHODS
P a rt I  
Indexing Procedures
In  sev e ra l s ta te s  and c o u n tr ie s  sev e ra l indexing procedures 
have been used to  d e te c t  th e  presence of c i t r u s  v iru s e s ,  p a r t ic u la r ly  
e x o c o r t is ,  p so ro s is , t r i s t e z a ,  and x y lo p o ro sis  (50, 67). T his i s  the  
f i r s t  time such a program was i n i t i a t e d  in  L ou isiana.
To survey fo r  the  presence of th ese  4 c i t r u s  v iru se s  in  su r­
v iv in g  t r e e s  o f Plaquemines P a r ish , seed of th e  in d ic a to r  v a r i e t i e s  
were sown in  the  greenhouse. In d iv id u a l p la n ts  o f Orlando tan g e lo , 
Rangpur lim e, sour orange, and t r i f o l i a t e  orange were p o tted  and 
in d iv id u a lly  lab e led  in  the  summer, 1962. Key lime p la n ts  were ob­
ta in e d  from the F lo r id a  C itru s  Budwood C e r t i f ic a t io n  O ffice , W interhaven, 
and tra n s p la n te d  to  p o ts  during the  same p e rio d . A ll p la n ts  were grown 
in  a screened greenhouse and sprayed w ith  in s e c t ic id e s .  P la n ts  were 
m ain tained  in  a v igorous co n d itio n  by f e r t i l i z a t i o n .
In  the  f a l l ,  1962, 81 budwood samples were randomly se le c te d  
w ith in  16 d i f f e r e n t  a reas  in  Plaquemines P a r ish , The s e le c tio n  of the  
a reas  was guided by Murphy McEachern, County Agent, Plaquemines P a r ish . 
An id e n t i f i c a t io n  number was p a in ted  on each t r e e  from which budwood 
was h a rv e s te d . A reco rd  was made of each in d iv id u a l c o lle c t io n  as to  
i t s  lo c a tio n  and sc io n . At the  time o f c o lle c t io n  each budwood 
sample was la b e le d , p laced  in  a po lyethy lene  bag and sp rin k led  w ith  
captan (N -trich lo ro m e th y lth io te trah y d ro p h th a lim id e) to  c o n tro l
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d e te r io ra t io n .  The bag was sea led  and p laced  in  an ic e  c h es t imm ediately 
a f t e r  h a rv est and r e f r ig e r a te d  u n t i l  i t  could be budded onto in d ic a to r  
p la n ts  in  the greenhouse. Budwood c o lle c t io n  was guided by Ralph T. 
Brown, S uperin tenden t, Plaquemines P a rish  A g ric u ltu ra l  Experiment 
S ta tio n , Port Sulphur, L ou isiana.
Budding in  th e  greenhouse was begun the  day a f te r  th e  budwood 
was c o lle c te d  and was completed w ith in  1 0  days.
The fo llow ing  budding technique was used . A T-shaped cut was 
made on th e  ro o ts to c k  stem u sin g  a sharp k n ife . Then a p iece  of bud­
wood con ta in ing  a s in g le  bud was cu t out and s lip p ed  in to  the  T-shaped 
cut on the  stem, then  wrapped w ith  p a ra film  or an adhesive tap e . Using 
th i s  mentioned procedure, each budwood source was budded onto each of 
the 5 in d ic a to r  ro o ts to c k s . A month a f te r  budding, u n su ccessfu l tak es 
were rebudded w ith  f re sh  budwood c o lle c te d  again  from the same numbered 
t r e e s .  O bservation w as:taken  on th e  p la n ts  during  th e  e n t i r e  p e rio d  of 
the experim ent. Nonbiidded p la n ts ,  as w e ll as p la n ts  budded w ith  bud­
wood of the same v a r ie ty ,  were used as checks. One month a f te r  a suc­
c e ss fu l ta k e , th e  budded p la n ts ,  as w ell as checks were cu t back to  
15-20 cm in  h e ig h t to  s tim u la te  new growth of th e  ro o ts to c k s .
In  order to  id e n t i fy  symptoms of the  4 v iru se s  on th e  5' in d ic a to r  
ro o ts to c k s  and fo r  o th er com parisons, budwood con ta in ing  each of th e  4 
v iru se s  was ob ta ined  from J .  M. W allace, Department o f P la n t Pathology, 
U n iv e rs ity  of C a lifo rn ia , R iv e rs id e , C a lifo rn ia ,  and T. J .  G rant,
P lan t P a th o lo g is t , U. S. Department of A g ric u ltu re , Orlando, F lo r id a . 
W allace sen t 4 sources of budwood, each con ta in ing  1 of th e  4 v iru s e s .  
Grant sen t 6  sources o f budwood, each co n ta in in g  1 o f 3 s t r a in s  o f
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T ris te z a  desig n a ted  T3  sev ere , Tj m ild and s tro n g , p s o ro s ls , xy lopo rosls  
and e x o c o r tls .  A ll known sources were budded onto su sc e p tib le  ro o t­
stocks u sing  the  T -g ra f t  method d escribed  above. Each budwood source 
c o n ta in in g  t r i s te z a  was budded on 5 sour orange p la n ts  and 5 Key lime 
p la n ts .  Budwood known to  be in fe c te d  w ith  e x o c o rtis  v iru s  was budded 
on 5 t r i f o l i a t e  orange p la n ts  and 5 p la n ts  of Rangpur lim e. Budwood 
known to  be in fe c te d  w ith  p so ro s ls  v iru s  was budded on 5 sour orange 
p la n ts .  Both budwood sources of x y lo p o ro sls  “were budded on 5 p la n ts  
of Orlando tan g e lo . T herefo re , th e re  were 10 p la n ts  budded w ith  bud­
wood in fe c te d  e x o c o r tis ,  p so ro s is , and x y lo p o ro s ls , and 2 0  p la n ts  
budded w ith  t r i s te z a - in f e c te d  budwood. One month a f te r  th e  bud had 
taken , each budded p la n t was cu t down to  15-20 cm to  fo rce  new growth 
of th e  ro o ts to c k s  so symptoms might be e a s i ly  observed on th e  new 
growth. O bservations were made and no tes  taken  throughout the  period  
of the  study . There were 8  p la n ts  from each o f budded and nonbudded 
p la n ts  th a t  served as c o n tro ls .
P a r t  I I
D if f e re n t ia l  S ta in in g  and P a th o lo g ica l H isto logy
Iod ine  T e s t; The iod ine  t e s t  has been used to  d e te c t  in fe c ­
t io n  w ith  c e r ta in  mosaic v iru s e s ,  such as tobacco mosaic v iru s  and 
tobacco e tch  v iru s  in  tobacco (2, 30), and has been used on m ature 
c i t r u s  t r e e s  in  L ou isiana  to  d e te c t  in fe c tio n  by t r i s t e z a  v iru s  (19,
5 4 ). This t e s t  was used by th e  au thor on m ature t r e e s  in  Plaquemines 
P a rish  and, fo r th e  f i r s t  tim e, on the greenhouse-grown p la n ts  to  
d e te c t th e  presence of c i t r u s  v iru s e s .
22
Use o f the  Iodine T est on Mature C itru s  T ree s : The iod ine  t e s t
used fo r  th is  s e r ie s  was the  same as described  by Schexnayder (54). The 
procedure involved making a lo n g itu d in a l cu t w ith  a sharp k n ife  in to  the 
trunk  o f t e s t  t r e e s .  The cu t was made to  expose xylem t is s u e  both 
above and below, th e  bud union . The cu t was brushed w ith  a so lu tio n  of 
0 .3  g io d in e  p lu s  1.5 g potassium  io d in e  in  100 cc w ater. The response 
of the  exposed t is s u e  to  the  s ta in  was observed and reco rded . A ll t r e e s  
th a t  Were used as a source of budwood were te s te d ;  o cca s io n a lly  some of 
th e  marked t r e e s  th a t  had been used as sources o f budwood e i th e r  d ied  or 
were rep laced  by the  grow ers. In  such c ases , where p o s s ib le , a d d itio n a l 
t r e e s  in  c lo se  proxim ity  to  o r ig in a l ly  marked t r e e s  were te s te d .  The 
t e s t  was conducted tw ice , once in  th e  f a l l ,  1963, and again  in .:the  
sp r in g , 1964.
Use of the  Iod ine T est on Greenhouse C itru s  P la n ts : This t e s t
was made on both  stems and leaves of greenhouse-grown c i t r u s  p la n ts .
The stems of p la n ts  budded w ith  known sources of v iru s - in fe c te d  bud- 
wood and w ith  budwood from Plaquemines P a rish  were te s te d  2 months 
a f t e r  budding. Budded, as w ell as nonbudded, checks were used fo r 
comparison. The techn iques used were s im ila r  to  th a t  d escribed  by 
Faw cett (19) and Schexnayder (54) on orchard  t r e e s  to  t e s t  fo r in fe c ­
t io n  w ith  t r i s t e z a  v i ru s .  Some m o d ifica tio n s  in  the iod ine  concen tra ­
t io n  were used.
A fter a p re lim in a ry  t e s t  s e r ie s ,  the  fo llow ing technique was 
used . A lo n g itu d in a l cu t wap made using  a sharp k n ife , so th a t  xylem 
t is s u e  both  above and below the bud union was exposed. A so lu tio n  of 
0 .45 g iod ine  p lus 2.25 g potassium  io d in e  in' 1000 cc w ater was brushed
23
on the  wound. The re a c tio n  of exposed t is s u e  on each seed lin g  was 
observed and recorded . A ll experim ents were conducted a t  m id-day.
Three s e r ie s  of experim ents were conducted using  lea v es . The 
use of iod ine  fo r  the d e te c tio n  of v iru s  in fe c tio n  in  leaves has been 
d escribed  by Bawden and K assanis (2 ).
For the f i r s t  s e r i e s ,  leaves from a l l  5 in d ic a to r  p la n ts  
in fe c te d  w ith  e i th e r  o f th e  4 v iru s e s ,  were used . The t e s t s  were 
begun 3 months a f t e r  budding. Young tender leaves were h a rv e s te d , 
p laced  in  b o ilin g  w ater fo r  2*5  min. and then in  b o ilin g  e th y l a lcoho l 
fo r  5 min. or u n t i l  a l l  th e  ch lo ro p h y ll was e x tra c te d . The leaves then 
were p laced  in  a so lu tio n  of 0 .3  g io d in e  p lus 1.5 g potassium  iod ine  
in  100 cc w a te r. The response Of leaves to  th e  s ta in  was observed 
and reco rded .
For the  second s e r ie s ,  leaves from 10 sour orange p la n ts  
budded se p a ra te ly  w ith budwood in fe c te d  w ith  each o f the 4 v iru se s  
were used. Leaves from check p la n ts  were inc luded . Young, ten d er 
leaves were ha rv ested  1 0  days a f te r  budding and every 1 0  days th e re ­
a f te r  up to  90 days, then  again in  4 and 6  months. Follow ing ch lo ro ­
p h y ll e x tra c tio n  d escribed  above, leaves were p laced  in  a so lu tio n  of 
1.5 g potassium  iod ine  p lu s  0 .3  g io d in e  in  100 cc w ater.
This t e s t  was rep e a te d  a t  8  months a f te r  budding. R ather than 
e x tra c tin g  ch lo rophy ll im m ediately a f te r  h a rv e s t ,  th e  leav es were kept 
in  the  dark o v e rn ig h t.
For the  th i rd  s e r ie s ,  leaves of sour orange p la n ts  budded w ith 
budwood from t r e e s  c o lle c te d  in  Plaquemines P a rish  were used . The same
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procedures as describ ed  above were used . The r e s u l t s  were observed 
and reco rded .
Use of D if f e re n t ia l  S ta in s  and P a th o lo g ica l H isto lo g y : T issues
from young p la n ts  were chosen fo r th is  study r a th e r  than t is s u e s  from 
m ature t r e e s  because: f i r s t ,  budding of c i t r u s  ro o ts to c k s , whether for 
commercial p roduction  of c i t r u s  or fo r  re sea rch  purposes, i s  u su a lly  
done on young p la n ts ,  r a re ly  on m ature ro o ts to c k s ; second, tran sm iss io n  
of most c i t r u s  v iru s e s  i s  through th e  budwood; th i r d ,  l i t t l e  re sea rch  
has been pub lished  on the p a th o lo g ic a l h is to lo g y  and re a c tio n  to  d i f ­
f e r e n t ia l  s ta in s  o f young c i t r u s  p la n ts  budded w ith  budwood known to 
be in fe c te d  w ith  c e r ta in  v iru s e s ;  and, fo u r th , i t  was hoped th a t  a 
s ta in in g  techn ique , using  a s ta in  o th e r than io d in e , might be worked 
out to  d e te c t  in fe c tio n  of young c i t r u s  p la n ts  w ith  c e r ta in  v iru se s  
b efo re  d ia g n o s tic  symptoms appeared. I f  a r e l i a b l e  method could be 
found to  d e te c t in fe c tio n  w ith  even 1 o f the  4 v iru se s  s tu d ie d , i t  
would a id  immeasurably in  c i t r u s  c e r t i f i c a t io n  programs. S im ila r ly , 
obvious anatom ical d iffe re n c e s  between v iru s - in fe c te d  and non in fec ted  
p la n ts  could be used in  c e r t i f i c a t io n  programs.
Response of Sour Orange Seedling T issues Budded w ith  Budwood 
Known to  be In fe c te d  w ith  Four C itru s  V iruses
The response of young stems and ro o ts  of sour orange p la n ts  
budded se p a ra te ly  w ith  budwood known to  be in fe c te d  w ith each of 4 
v iru s e s ,  namely, e x o c o r tis , p so ro s is ,  t r i s t e z a  and x y lo p o ro s is , was 
in v e s tig a te d . Ten sour orange p la n ts  were budded se p a ra te ly  w ith  
budWood known to  be in fe c te d  w ith  1 of the 4 v iru s e s .  Ten nonbudded 
and 10 p la n ts  budded w ith  v i r u s - f r e e  budwood served as checks. Four
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months a f te r  budding, young branches were removed and the  tho rns and 
leaves cu t away. Care was taken to  minimize in ju ry  during  th i s  pruning 
p ro cess . A fter h a rv e s t ,  stems were p laced  in  p la s t i c  bags and brought 
to  th e  la b o ra to ry . Each branch was cu t in to  p ieces  about 2-3 cm in  
len g th . These p ieces  were k i l le d  and fix ed  in  FAA ( 6 , 12, 32) fo r a t  
l e a s t  4 days, then r in se d  in  3 changes of 50 per cen t e th y l a lcoho l 
a t  1-day in te rv a ls  (32, 5 3 ), then run  down to  w ater as describ ed  by 
Sass (53). T ransverse se c tio n s  fo r h is to lo g ic a l  s tu d ie s  were made 
using  a hand microtome a t  a th ick n ess  o f 25-35 u ( 6 , 32, 53).
Several s ta in s  were ev a lu a ted  ( 6 , 12, 32, 53) in  p re lim in ary  
s tu d ie s  to  determ ine which would be the b e s t  to  d i f f e r e n t i a t e  between 
d iseased  and h e a lth y  t i s s u e s .  A ll s ta in s  used were so lu b le  in  w ater. 
The techniques used to  ev a lu a te  th ese  s ta in s  were described  by 
Johnson (32) and Sass (53 ). A ll s ta in s  used throughout the  e n t i r e  
program of re se a rc h  were ap p lied  d i r e c t ly  to  the  t is s u e  on a m icroscope 
s l id e .  Excess s ta in  was removed a f te r  a s p e c if ic  time w ith  f i l t e r  
paper. Canada Balsam was added to  th e  s l id e  and the  se c tio n s  were 
covered w ith  a cover s l i p .  S ta in in g  so lu tio n s  were p repared  by 
d isso lv in g  1  g o f th e  fo llow ing s ta in s  in  1 0 0  cc o f w ater:
1 . Q -n itro a n ilin e
2 . P-amino azobenzene
3. P -d in itrobenzene
4; P ro flav in e  s u lf a te
5. Picrom ic ac id  sodium s a l t
6 . P ic r ic  acid
7. P -n itropheno l
8 . P-lezoquinone
9. Alloxan
1 0 . O -nitrophenol
1 1 . Orange G
1 2 . P h lo rog lucino l
13. P ic r ic  acid
14. Methyl v io le t
15. F ast green
16. N eu tra l red
17. Methyl greeri
Each so lu tio n  was f i l t e r e d  through f i l t e r  paper. The same procedure 
was used w ith  the  fo llow ing  s ta in s  except th a t  1 0 0  mg o f the  s ta in  was 
d isso lv ed  In  1 0 0  cc w ater:
18. T o lu id ine b lue
19. Thionin
20. Nephthacene
21. N ile  blue
22. Methyl orange
Study of Sour Orange Stems Budded w ith  P s o ro s is - In fe c te d  Budwood
In  a p re lim inary  e v a lu a tio n , th io n in  and p ro fla v in e  s u lf a te  
were found b e s t to  d i f f e r e n t i a t e  between p s o ro s is - in fe c te d  sour orange 
t is s u e  and non in fec ted  t i s s u e .  These s ta in s  were used a lso  to  study 
anatom ical d if fe re n c e s . Ten sour orange p la n ts  budded w ith  budwood 
known to  be in fe c te d  w ith  p so ro s is  were used . Ten budded and non­
budded checks were used . The procedure fo r c o lle c t in g  branch m a te r ia l 
fo r  se c tio n in g  was the  same as describ ed  above. At l e a s t  100 se c tio n s  
were cu t from each p la n t and s tu d ie d . Three drops of th io n in  were 
ap p lied  to  a m icroscope s l id e  th a t  u su a lly  con ta ined  3 se c tio n s .
A fte r 30 s e c . ,  the  excess s ta in  was absorbed by f i l t e r  paper. A 
drop of Canada Balsam was ap p lied  to  the  se c tio n  to  se a l and hold 
th e  cover s l i p .  The same procedure was used fo r p ro fla v in e  s u l f a te ,  
except th a t  exposure time was 1 min. Responses of the t is s u e s  to  the 
s ta in s  and anatom ical d if fe re n c e s  were observed and reco rded .
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Study o f Sour Orange Stems Budded w ith  T r is te z a - In fe c te d  Budwood
The same procedure was used as describ ed  above fo r p so ro s is , 
except th a t  th io n in  and m ethyl orange were used as d i f f e r e n t i a l  s ta in s .
.T h ese  3 s ta in s  were a p p lied  a lso  to  se c tio n s  of sour orange s^em from 
p la n ts  budded w ith  budwood c o lle c te d  from t r e e s  in  Plaquemines P a r ish .
Study of Sour Orange Roots from P la n ts  Budded w ith  Four V iruses
Roots were ha rv ested  from sour orange p la n ts  approxim ately 1 
year a f te r  having been budded w ith  budwood known to  be in fe c te d  w ith  
1 of the  4 v iru se s  used, Whole p la n ts ,  in c lu d in g  ro o ts  and s o i l ,  were 
removed from th e i r  re s p e c tiv e  p o ts  and suspended in  w a te r. The p la n t 
was c a re fu l ly  a g ita te d  and washed to  remove a l l  the  s o i l  from around 
th e  ro o ts .  The ro o t mass was then  c u t from th e  stem. For each v i r u s ,  
th e  ro o ts  from 1 0  p la n ts  were used and compared w ith  the  ro o ts  from 
check p la n ts .  The ro o ts  were p laced  in  p l a s t i c  bags and taken d i r e c t ly  
to  th e  la b o ra to ry  and kept in  a r e f r ig e r a to r  o v e rn ig h t. The follow ing 
day p o rtio n s  o f th e  main ro o ts  were cu t in to  2-3 cm le n g th s , k i l le d  
and f ix e d  in  FAA ( 6 , 32, 51 ). T h irty  se c tio n s  from each seed lin g  were 
observed a f te r  being s ta in e d  w ifh  th io n in . D iffe ren ces were observed 
and reco rd ed .
P a th o lo g ic a l H isto logy  S tud ies on Roots o f Three C itru s  V a r ie tie s  
Each Budded S ep a ra te ly  w ith  One of Three V iruses
The ro o ts  from p la n ts  o f Orlando tan g e lo  budded w ith  budwood
known to  be in fe c te d  w ith  t r i s t e z a  v iru s  and t r i f o l i a t e  orange budded
w ith  budwood known to  be in fe c te d  w ith  e x o c o r tis  v iru s  were s tu d ie d  to
determ ine i f  th e re  were any anatom ical d if fe re n c e s  between them and
ro o ts  from check p la n ts  budded w ith  n o n in fec ted  budwood. The ro o ts
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from 1 0  p la n ts  fo r each v a r le ty -v i ru s  com bination were c o lle c te d  18
months a f te r  budding .and t r e a te d  in  th e  same manner as described  above
/fo r sour orange. Anatomical d if fe re n c e s  between ro o ts  from in fe c te d  
p la n ts  were compared w ith  those  from check p la n ts .
RESULTS 
P a rt I
Use of the  Iod ine  T est and of C e rta in  Symptoms in  V irus D etection
The purpose o f t h i s  p a r t  of the  study was to  determ ine i f  the  
presence' o f e x o c o r tis ,  p s o ro s is ,  t r i s t e z a  and xy lo p o ro sls  could be 
d e te c ted  in  both f i e l d  t r e e s  and greenhouse p la n ts  by use of th e  iod ine  
t e s t  and symptomology. The iod ine  t e s t  has been used e x te n s iv e ly  as a 
means of d e te c tin g  th e  presence of s ta rc h . The appearance of a b lue 
c o lo r , a f te r  a p p lic a tio n  of an io d ine  so lu tion!, i s  a p o s i t iv e  in d ic a to r  
fo r th e  presence of s ta rc h . Absence of b lue  co lo r in d ic a te s  th a t  the  
p a r ts  te s te d  are  devoid of s ta rc h .
Iod ine T est Applied to  F ie ld  Trees
S even ty -th ree  t r e e s  in  Plaquemines P a rish  were te s te d  fo r  the  
p resence of t r i s t e z a  v iru s  by use o f the  io d in e  t e s t .  A ll t r e e s  
te s te d  were growing on t r i f o l i a t e  orange ro o ts to c k . The f i r s t  t e s t  
was made in  the f a l l  o f 1963 and the  second in  the  sp rin g  of 1964.
The presence 7 of s ta rc h  was in d ic a te d  in  most o f the  t r e e s  te s te d  and
was found to  be unevenly d is t r ib u te d  in  the  xylem, both above and below
the bud union . In  th e  f a l l  o f 1963 th e re  was inore s ta rc h  accum ulation
in d ic a te d  in  the xylem below than above the  bud union in  a l l  73 t r e e s  
te s te d .  In  the  sp rin g  of 1964 the o p p o site  in  most cases was t ru e .
A t . th a t  time th e re  was more s ta rc h  accum ulation in d ic a te d  above ra th e r
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Table 2. R eaction  of randomly s e le c te d  m ature c i t r u s  t r e e s  from which 
budwood was c o lle c te d  In  Plaquemines P a rish  c i t r u s  groves to  
Iodine a p p lied  above and below the  bud un ion , both in  f a l l  o f 
1963 and sp rin g  o f 1964. A ll sc io n s were on t r i f o l i a t e  orange 
ro o ts to c k s  except where in d ic a te d .
R eaction
ee No. Scion^
F a l l . 1963 S pring . 1964
Above Below Above Belov
1 S 0 0 0 0  0
2 S - + 0 0
• 3 S - + 0 0
4 N - + -H- +
5 N - + ++ +
6 N - + ++ +
7 N - + ++ +
8 N - + 4+ +
9 N - + -H- +
1 0 N - + ++ ++
1 1 N ■ - + ++ +
1 2 N - + ++
13 S + ++ ++
14 S - + +f +
15 S - + ++ +
16 s - ++ -H- +
17 S - •H- +++ +++
18 s - ++ +H- ■H-
19 s - -H- +++ ++
2 0 s - •H- +++ +
2 1 s - ++ +++ +
2 2 s - ++ ++ +
23 s - + •H- +
24 s - + ++ +
25 N - + 0 . 0
26 N - + . ++ +
27 N + -H+ +
28 N - + 0 0
29 / N - + -H- +
30 N - + +++ +
31 N - + -H-+ +
32 N - + +++ +
*33 S - + 0 0
*34 S - + 0 0
*35 s - + 0 0
36 s - + 0 0
37 N - + -H- +
38 N - + ++ +
39 N - + +H- +
40 N - + +++ +
41 N - ++ ++ +
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Table 2. Continued
R eaction
Sclon^
F a l l . 1963 SprinR. 1964
Tree No. Above Below Above Below
42 N + +++ +
43 N - + +++ +
44 N - + +++ +
45 N - •R ++ +
46 N - -H- +¥ +
47 N - •H- ■H- +
48 N - -H- -H- +
49 N - -H- l-H- • ++
50 N - ++ ++ +
51 N - -H- ++ +
52 N - + ++ +
53 S - + ++ +
54 S - + ++ +
55 S - + ++ +
56 S -H- ++ +
57 N - + +++ +
58 N - +f +++• +
59 N - ++ ++ +
60 N - + ++• +
61 N - -H- -H- +
62 N - + ++ +
63 N > + ++ +
64 N - + 0 0
65 N' - + ++ +
6 6 N - + 0 0
67 N - + ++ + •
6 8 N - + +++ -H-
69 N - + ++ +
70 N - + +++ ++
71 N - +f 0 0
72 N - + 0 0
73 N - + 0 0
74
753
763
N 0
0
0
0
++
0
0
0
0
0
0
7Y78
N 0 0 0 0
S 0 0 0 0
79 S 0 0 0 0
80 SW 0 0 0 0
81 N 0 0 0 0
■^Reaction: ++++ «* dark  b lu e ; +++ ■ in te rm ed ia te  b lu e ; .++ = l ig h t  b lu e ;
+ ■ s l ig h t  b lu e ; - *» brown; 0  * t r e e  destroyed .
^Scion a b b re v ia tio n s : G ■ g ra p e f ru i t ;  N «= Washington n av e l; S «= satsum a;
SW ■ sweet orange.
^Rootstock: C arrizo  C itrange
^R ootstock: Sour orange
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Table 3. R eaction  below the  bud union to  th e  io d in e  t e s t  o f green­
house-grown Rangpur lim e (RL) and t r i f o l i a t e  orange (FT) 
stem s, nonbudded and budded w ith  budwood known to  be 
in fe c te d  w ith  e x o c o rtis  v iru s  or v i r u s - f r e e  budwood a t  
time in d ic a te d .
 Time of Treatm ent and R ootstock_______
F a l l  Spring Summer F a l l  Spring
1962 1963 1963 1963 1964
Treatm ent RL PT RL PT RL PT RL PT RL PT
1. Budwood w ith 1 + 0 + + + + + + + +
e x o c o rtis  v iru s 2 + 0 + + + + + + + +
from F lo r id a 3 + 0 + + + + + + + +
4 .+ 0 + + + + + + + +
5 + 0 + + + + + + + +
2. Budwood w ith 1 + 0 + + + + + + + +
g x o co rtis  v iru s 2 + 0 + + + + + + + +
from C a lifo rn ia 3 + 0 + + + + + + + +
4 + 0 + + + + + + + +
5 . + 0 . + + + + + + + +
3. Check A 1 0 0 0 0 0 0 0 0 0 0
nonbudded 2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
4, Check B 1 0 0 0 0 0 0 0 0 0 0
v i ru s - f r e e 2 0 0 0 0 0 0 0 0 0 0
budwood 3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 . 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
^•Reaction: + * blue; 0 « brown.
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union . This accum ulation of s ta rc h  was n e ith e r  found on budded checks 
nor on nonbudded checks (F ig . 1, T ables 3, 4 , 5 , 6 ) .
When th e  io d in e  t e s t  was ap p lied  to  stems of th e  5 c i t r u s  v iru s  
in d ic a to r  p la n ts  budded w ith  the  81 sources of budwood from Plaquemines 
P a rish  t r e e s  in  the  f a l l  o f 1962, the  p resence of s ta rc h  was in d ic a te d  
in  a l l  p la n ts  except t r i f o l i a t e  orange and the  budded and nonbudded 
checks. In  the  sp rin g  of 1963; summer of 1963; and f a l l  o f 1963, how­
e v e r , a l l  p la n ts  showed evidence of s ta rc h  accum ulation, in c lu d in g  those 
o f t r i f o l i a t e  orange (Table 7 ) . I t  was found th a t  80 of the  81 sour 
orange p la n ts ,  78 of the  81 Key lime p la n ts  and a l l  p la n ts  o f the  o th er 
3 in d ic a to rs  showed th e  presence of s ta rc h  below the bud un ion . No 
s ta rc h  was in d ic a te d  in  the  budded or nonbudded check p la n ts  (F ig . 1 ).
Iod ine  T est A pplied to  Young C itru s  Leaves
The response to  the  io d in e  t e s t  o f leaves from th e  5 c i t r u s  
in d ic a to r  p la n ts  budded w ith  budwood in fe c te d  w ith  th e  4 c i t r u s  
v iru se s  a lso  was s tu d ie d . The o b je c t of these  t e s t s  was to  determ ine 
i f  such leaves would d i f f e r  in  th e i r  response to  io d in e  when compared 
w ith  one ano ther and to  budded and nonbudded check p la n ts .
Leaves were h a rv ested  3 months a f te r  budding from: 20 Key lime
p la n ts  and 2 0  sour orange p la n ts  budded w ith  budwood in fe c te d  w ith  
t r i s t e z a  v i ru s ;  10 Orlando tange lo  p la n ts  budded w ith  budwood in fe c te d  
w ith  x y lo p o ro sis  v i ru s ;  1 0  sour orange p la n ts  budded w ith  budwood 
in fe c te d  w ith  p so ro s is  v i ru s ;  1 0  t r i f o l i a t e  orange p la n ts  budded w ith  
budwood known to  be in fe c te d  w ith  e x o c o rtis  v i ru s ;  8  budded checks, and 
8  nonbudded checks from each v a r ie ty  were used fo r comparison. Leaf
Figure  1. R eaction  to  iod ine  t e s t  of Key lim e stem se c tio n s  cu t a t 
the  bud union: A. Check budded w ith  v i r u s - f r e e  budwood
B. Nonbudded check; C. Budded w ith  t r i s te z a - in f e c te d  
budwood; and D. Budded w ith  budwood from a t r e e  in  
Plaquemines P a r ish . Note m oderate re a c tio n  in  C and 
severe r e a c t io n  in  D.
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Table 4 . R eaction  to  the  io d in e  t e s t  o f greenhouse-grown sour orange
stem s, below the  bud un ion , nonbudded and budded w ith  bud­
wood known to  be in fe c te d  w ith  p so ro s is  v iru s  or v i r u s - f r e e
budwood a t  time in d ic a te d .
Treatm ent
Time of Treatm ent
F a ll  
* 1962
Spring
1963
Summer
1963
F a ll
1963
Spring
1964
1. Budwood w ith 1 + + + + +
p so ro s is  v iru s 2 + + + + +
from F lo r id a 3 + + + + +
4 + + + + +
' 5 ■ + + + + +
2. Budwood w ith 1 + + + + +
p so ro s is  v iru s 2 + + + + +
fjrom C a lifo rn ia 3 + + + + +
4 + + + + +
5 + + + + +
3. Check A 1 0 0 0 0 0
nonbudded 2 0  . 0 0 0 0
3 0 0 0 0 . 0
4 0 0 0 0 0
5 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
8 0 0 0 0 0
4. Check B 1 0 0 0 0 0
v iru s - f r e e 2 0 0 0 0 0
budwood 3 0 0 0 0 0
4 0 0 0 0 0
5 ‘ 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
8 0 0  . 0 0 0
■^■Reaction: + ■ blue; 0 ■ brown.
I
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Table 5 . R eaction  to  the  Iod ine t e s t  of greenhouse-grown sour orange 
(SO) and Key lime (KL) stem s, below the bud un ion , nonbudded 
and budded w ith  budwood known to  be in fe c te d  w ith  t r i s t e z a  
v iru s  o r v i r u s - f r e e  budwood a t  tim e in d ic a te d .
________Time of Treatm ent and R ootstock_______
F a l l  Spring Summer F a l l  Spring
1962 1963 1963 1963 1964
Treatm ent SO KL so KL so KL so KL so KL
1. Budwood w ith 1 + + + + + + + + + +
t r i s t e z a  v iru s 2 + + + + + + + + + +
T-^  (m ild) from 3 + + + + + + + + .+ +
F lo rid a 4 + + + + + + + + + +
5 + + + + + + + + + +
2. Budwood w ith 1 + + + + + + + + + +
t r i s t e z a  v iru s 2 + + + + + + + + + +
T^ (m oderate) 3 + + + + + + + + + +
from F lo r id a 4 + + + + + + + + + +
5 + + + + + + + + + +
3. Budwood w ith 1 + + + + + + + + + •+
t r i s t e s a  v iru s 2 + + + + + + + + + +
T3  (severe) 3 +. ■f + + + + + + + +
from F lo r id a 4 + + + + + + + + + +
5 + + + + + + + + + +
4. Budwood w ith 1 + + + + + + + + + +.
t r i s t e z a  v iru s 2 + + + + + + + + + +
from C a lifo rn ia 3 + + + + + + + . + + +
4 + + + + + + . + + + +
5 ' + + + + + + + + + +
5. Check A 1 0 0 0 0 0 0 0 0 0 0
nonbudded 2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 . 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
6 . Check B 1 0 0 0 0 0 0 0 0 0 0
v ir u s - f r e e 2 0 0 0 0 0 0 0 0 0 0
budwood 3 0 0 0 0 0 0 0 . 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0  ’ 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
^■Reaction: + ■ b lu e ; 0 ■ brown.
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Table 6 . R eaction  to  th e  Iod ine  t e s t  o f greenhouse-grown Orlando 
tan g e lo  (OT) and Rangpur lime (RL) stem s, below the bud 
un ion , nonbudded and budded w ith  budwood known to  be In fec ted  
w ith  x y lo p o ro sls  v iru s  or v i ru s - f r e e  budwood a t  time In d ic a te d .
Time of Treatm ent and Rootstook 
F a l l  Spring Summer F a l l  Spring
1962 1963 1963 1963 1964
aatment OT RL OT RL OT RL OT RL OT RL
Budwood w ith 1 + + + + + + + + + + -
x y lopo rosls 2 + + . + + + .+ + + + +
v iru s  from 3 + + + + + + + + + +
F lo rid a 4 + + + + + + + + + +
5 + + + + + + + + + +
Budwood w ith 1 + + + + + + + .  + +
x y lopo rosls 2 + + + + + + + + + +
v iru s  from 3 + + + + + + + + + +
C a lifo rn ia 4 + + + + + + + + + +
5 + + + + + + + + + +
Check A 1 0 0 0 0 0 0 0 0 0  • 0
nonbudded 2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
/ 7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
Check B 1 0 0 0 0 0 0 0 0 0 0
v iru s - f r e e 2 0 0 0 Q 0 0 0 0 0 0
budwood 3: 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
^•Reaction: + = blue; 0 ■ brown.
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Table 7. R eaction  to  Iodine t e s t  of greenhouse-grown sour orange 
(SO), Key lime (KL), Rangpur lime (RL), Orlando tangelo  
(OT) and t r i f o l i a t e  orange (PT), below the bud un ion , non­
budded and budded w ith  budwood randomly c o lle c te d  from 
c i t r u s  t r e e s  in  Plaquemines P a rish  groves a t  time in d ic a te d .
Tree No.
Time of Treatm ent and R ootstock
F a ll . 1962 Spring , 1963
SO KL RL OT PT PT
1 + + + + 0 +
2 + + + + 0 +
3 + + + + 0 +
4 + + + + 0 +
5 + + + + 0 +
6 + + + + 0 +
7 + + + + 0 +
8 + + + + 0 +
9 + 0 + + 0 +
1 0 + + + + 0 +
1 1 + + + + 0 +
1 2 + + . + + 0 +
13 + + + + . 0 +
14 +' + + + 0 +
15 + •f + + 0
16 + + + + 0 +
17 + + + + 0 +
18 + + * + + 0 +
19 + + + + 0 +
2 0 + + + + 0 +
2 1 + + + 0 +
2 2 + + + + 0 +
23 + + + 0 +
24 + + + + 0 +
25 + + + + 0 +
26 + + + + 0 +
27 + + + + 0 +
28 + + + + 0 +
29 0 + + + 0 +
30 + + + + 0 +
31 + + + + 0 +
32 + + + + 0 +
33 + + + + 0 +
34 .+ + + + 0 +
35 + + + + 0 +
36 + + + + 0 +
37 + + + + 0 +
38 + + + + 0 +
39 + + + + 0 +
40 + + + + 0 +
41 + + + + 0 +
42 + ■ + + + 0 +
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Table 7. Continued
Time 6 f  Treatm ent and R o o t s t o c k ______
F a l l .  1962   Spring . 1963
ie No. SO KL RL OT PT PT
43 + + + + 0 +
44 + + + + 0 +
45 + + + + 0 + ;J
46 + + + + 0 +
47 + + + + 0 +
48 + + + + 0 +
49 + + + + 0 +
50 + + + + 0 +
51 +' + + + 0 ■.+
52 + + + + 0 +
53 + , + + + 0 ; +
54 + ' + + + 0 +
55 + + + + 0 + ■
56 + + + + 0 +
57 + + + + 0 +
58 + + + + 0 +
59 + + + + 0 +
60 + + + + 0 +
61 + + + + 0 +
62 .  + + + + 0 +
63 + + + + 0 +
64 + + + + 0 +
65 + + + + 0 +
6 6
1 + + + + 0 +
67 + + + + 0 +
6 8 + + + + 0 +
69 + + + + 0 +
70 + + + + 0 +
72 + + + + 0 +
73 + 0 + / ■ + 0 +
74 + + + + 0 +
75 + 0 + + 0 +
76 + + + + 0 +
77 + + + + 0 +
78 • + + + + 0 +
79 + + + + 0 • +
80 + + + + 0 +
81 + + + + 0 +
Table 7. Continued
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Tree No.
1 Time of Treatment and Rootstock
Fall. 1962 Soring. 1963
SO KL RL OT PT PT
Check A 1 0 0 0 0 .0 0
1 nonbudded 2 0 0 0 0 0 0
a . 0 0 0 0 0 0
4 0 - 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 . 0 0
Check B 1 0 0 0 0 0 0
virus-free 2 0 0 0 0 0 0
budwood 3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0
Reaction: + ■ blue; 0 “ brown.
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c o lle c t io n s  were made during d a y lig h t ho u rs . Immediately a f t e r  h a rv e s t­
ing ch lo ro p h y ll was e x tra c te d  and leaves placed in  an iod ine  s o lu tio n .
There were no d iffe re n c e s  in  re a c t io n  to  th e  s t a in  between 
leaves from check p la n ts  and leaves from p la n ts  budded w ith  budwood 
in fe c te d  e i th e r  w ith  ex o co rtis  or x y lo p o ro s ls . Leaves from p lan ts  
budded w ith  budwood in fe c te d  w ith  t r i s t e z a  v iru s  appeared to  be darker 
than the  checks. This d if fe re n c e  was not gr.eat enough fo r  d iag n o stic  
purposes. There was a d iag n o stic  d if fe re n c e , however, between a l l  o th er 
leaves and sour orange leaves from p la n ts  budded w ith  budwood in fec te d  
w ith  p so ro s is  v i r u s .  In  th is  ca se , yellow  spo ts appeared on a b lu e-b lack  
background. These sp o ts , in  some c a se s , gaye an oak le a f  p a tte rn  
(F ig . 2 ) .  The oak le a f  p a tte rn  was ty p ic a l  of th a t  described  as a fo lia g e  
symptom fo r p so ro s is  ( 2 0 ) ,  even though th e re  were no fo lia g e  symptoms 
o f th e  p so ro s is  v iru s  a t  the  tim e of the  t e s t .  I t  seems th a t  le a f  
symptoms under our greenhouse co n d itio n s  were masked and in fe c tio n  
w ith  the  v iru s  was d e te c ted  through th e  use of th is  t e s t .
Response to  Iodine of Leaves of Sour Orange P lan ts  Budded w ith  
P so ro s is - In fe c te d  Budwood
The r e s u l t s  from the  above t e s t  needed v e r i f i c a t io n .  Young 
leaves from sour orange p la n ts  budded se p a ra te ly  w ith  each o f th e  4 
v iru se s  were used . Leaves from each of 10 p la n ts  budded w ith  in fec te d  
budwood were h arv ested  1 0  days a f t e r  budding and every 1 0  days th e re ­
a f t e r  u n t i l  90 days a f t e r  buddingj then  again  a t  4 and 8  months a f t e r  
budding. The leaves from sour orange p la n ts  budded w ith  p so ro s is -  
in fe c te d  budwood rea c te d  the  same as in  the  above t e s t  (F ig . 2 ) .
Y ellow ish to  w h itish  spo ts on a b lu e -b lack  background were not obvious
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Figure  2 R eaction  to  iod ine  t e s t  imm ediately a f t e r  h a rv est of soiir 
orange leaves from p la n ts  non in fec ted  on th e  l e f t ,  and 
p s o ro s is - in fe c te d  le a f  on th e  r ig h t .
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up u n t i l  80 days a f t e r  budding. T his c o n tra s t  between th e  le a f  spots 
and background became le s s  in te n se  a f t e r  4 and 8  months.
When th e  t e s t  was a p p lied  to  sour orange p la n ts  budded w ith 
budwood from Plaquemines P a rish  t r e e s ,  leaves from 22 of 81 p la n ts  
gave th e  same re a c tio n  as th e  p la n ts  budded w ith  budwood in fe c te d  w ith  
the p so ro s is  v iru s  (Table 8 )..
The t e s t  was rep ea ted  to  determ ine i f  overn igh t s to ra g e  of 
stems w ith  a tta c h ed  leaves would a f f e c t  th e  re a c tio n . A new s e r ie s  
of p la n ts  was budded w ith  budwood in fe c te d  w ith  each of th e  4 v iru s e s . 
The stems w ith  leaves were h a rv ested  l a te  in  th e  day, p laced  in  p la s t i c  
bags and s to re d  in  a r e f r ig e r a to r  o v e rn ig h t. When th e  io d in e  t e s t  was 
a p p lie d , dark  b lu e  spo ts on a brown-background appeared on leaves from 
p so ro s is - in fe c te d  p la n ts .  Symptoms d id  not appear on leaves from th e  
o th e r  budded p la n ts  nor from check p la n ts  (F ig • 3 ).
f
Studies on Symptomology
During this study, records were kept of observations made on 
symptom expression of the 4 citrus viruses, both in the field and 
greenhouse.
F ie ld  observations
E x o co rtis : Symptoms o f th is  d ise a se  on t r i f o l i a t e  orange were
observed on 2 t r e e s  in  Plaquemines P a r is h . One t r e e  had a g ra p e f ru it  
sc io n . The sc io n  on the  second t r e e  could not be determ ined. Typical 
bark  sc a lin g  and sloughing from th e  s o i l  l in e  to  the  bud union was 
recorded  on bo th  tr e e s  (F ig . 4 ) .
Psorosis: Symptoms of this disease were not noted on any of
the field trees observed.
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Table 8 . R eaction to  io d in e  t e s t  of leaves from greenhouse-grown 
sour orange p la n ts  budded w ith  budwood randomly c o lle c te d  
from c i t r u s  t r e e s  in  Plaquemines P a rish  groves and budwood 
known to  be in fe c te d  w ith  p so ro s is  v iru s  a t  time in d ic a te d .
_________________Time o f  Treatment________________
Tree No.  Spring , 1963______  Summer, 1963 F a l l ,  1963
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 + + +
6 + + +
7 + + +
8 0 0 0
9 + + +
10 +  ■' +  +
11 0 0 0
12 + + +
13 0 0 0
14 0 0 0
15 0 0 0
16 . 0  0 0
17 0 0 0
18 + ■ + +
19 0 0 0
20 0 0 0
21 0 0 0
22 + + +
23 0 0 0
24 0 0 0
•25 0 0 0
26 0 0 0
27 0 0 0
28 + + +
29 0 0 0
30 0 0 0
31 + + +
32 0 0 0
33 ’ O’-  ■ 0 0
34 0 0 0
35 0 0 0
36 + + +
37 + + +
38 0 0 0
39 0 0 0
40 + • + +
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Table 8. Continued
_____   Time of Treatment_____________
Tree No._____________ Spring, 1963______ Summer, 1963______ Fall, 1963
41 0 0 0
42 0 0 0
43 0 0 0
44 0 0 0
45 + + +
46 0 0 0
47 0 0 0
48 0 0 0
49 + + +
50 0 0 0
51 0 0 0
52 0 0 0
53 0 0 0
54 + + +
55 0 0 0
56 0 0 0
57 + + +
58 + + . +
59 + + +
60 + + +
61 0 0 0
62 0 0 0
63 0 0 0
64 + + +
65 0 0 0
6 6  . 0 0 0
57 0 0 0
6 8 + + +
69 + + +
70 0 0 0
71 ' + + +
72 0 0 0
73 0 0 0
74 + + +
75 + + +
76 + + +
78 0 0 0
79 + + +
80 - + +
81 + + +'■
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Table 8. Continued
Tree No.
Time of Treatm ent
S pring . 1963 Summer, 1963 F a l l .  1963
1. Budwood w ith 1 + + . +
p so ro s is  v iru s 2 + + +
from F lo rid a 3 + + +
4 + + +
5 + + +
2. Budwood w ith 1 + + . +
p so ro s is  v iru s 2 + + +
from C a lifo rn ia 3 + + +
4 ■+ + +
5 + + +
3. Check A 1 0 0 0
nonbudded 2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
4 . Check B 1 0 0 0
v i r u s - f r e e 2 0 0 0
budwood 3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
R eaction: + = p o s i t iv e  re a c tio n ;  0 = negative  re a c tio n .
Figure  3. R eaction  a f t e r  overn igh t s to rag e  to  io d in e  t e s t  o f sour 
orange leaves from p la n ts  in fe c te d  w ith  p so ro s is  v iru s  
and n o n in fec ted . L e f t:  P s o ro s is - in fe c te d  l e a f .  R ight
N oninfected check. Note dark  sp o tted  a reas in  in fe c te d  
l e a f .
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F igure  4 . Mature c i t r u s  t r e e s  on t r i f o l i a t e  orange ro o ts to c k .
Left: Tree infected with exocortis virus showing bark
scaling from soil line to bud union. Right: noninfected
tree.
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tristeza: Symptoms of this disease were not observed on any
of the field trees. This was probably due to the fact that nearly 
all the surviving trees in Plaquemines Parish are on trifoliate orange 
rootstock. Trifoliate orange is resistant to tristeza disease.
X yloporosis: Symptoms of stem p i t t in g  and phloem d is c o lo ra ­
t io n  were noted on 11 tr e e s  in  3 lo c a tio n s  (F ig . 5) . The tre e s  were 
dwarfed and u n th r i f ty .
Greenhouse observations
E x o co rtis : P la n ts  of t r i f o l i a t e  orange and Rangpur lime budded
w ith  budwood known to  be in fe c te d  w ith  e x o co rtis  v iru s  were dwarfed, 
compared w ith  check p la n ts .  When th e  ro o t systems o f  in fe c te d  and 
non in fec ted  p la n ts  were compared, p la n ts  in fe c te d  w ith  ex o co rtis  
v iru s  had a reduced roo t system (F ig . 6 , 7 ) . F o liage  symptoms were 
not observed.
P so ro s is : Sour orange p la n ts  budded w ith p s o ro s is - in fe c te d
budwood were g e n e ra lly  u n th r i f ty .  When th e  roo t systems o f in fe c te d  
and non in fec ted  p la n ts  were compared, th e  ro o ts  from in fe c te d  p la n ts  
were considerab ly  reduced below th o se  o f th e  non in fected  p la n ts  
(F ig . 8 ) .  Fo liage  symptoms were not observed.
T r is te z a :  Symptoms of t h i s  d ise a se  were observed on both  Key
lim e and sour orange p la n ts  budded w ith  budwood known to  be in fe c te d  
w ith  t r i s t e z a  v i r u s . I t  was found th a t  40 o f 81 Key lime seed lings 
and 27 of 30 sour orange p la n ts  budded w ith  budwood from Plaquemines 
P a rish  showed o ff-se aso n  flow ering . Root systems o f  both Key lime 
and sour orange p la n ts  budded w ith  t r i s te z a - in f e c te d  budwood were
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Figure 5. Mature c i t r u s  t r e e s  showing stem p i t t in g  in  the  wood and
sw elling  e£ th e  bud union caused by X yloporosis v iru s  ( l e f t )  
and no p i t t in g  or sw elling  on x y lo p o ro s is - f re e  t r e e  ( r i g h t ) .
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Figure  6 . Root systems of c i t r u s  p la n ts  grown in  greenhouse p o ts ;
A. From a t r i f o l i a t e  orange p la n t in fe c te d  w ith  e x o co rtis  
v iru s '; B. From a non in fec ted  t r i f o l i a t e  orange p la n t ;
C. From a non in fec ted  Orlando tange lo  p la n t ;  D. From an 
Orlando tange lo  p la n t in fe c te d  w ith  xy lopo rosis  v iru s  a t  
one and o n e -h a lf  year a f t e r  budding.
Figure 7. Root systems of sour orange p la n ts  grown in  greenhouse 
po ts in fe c te d  w ith  e x o co rtis  v iru s  ( l e f t ) ;  in fe c te d  w ith  
t r i s t e z a  v iru s  ( c e n te r ) ; and non in fec ted  check ( r ig h t  a t 
one y ear a f t e r  budding.
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Figure 8 . Root systems o f sour orange p la n ts  grown in  greenhouse 
p o ts  in fe c te d  w ith  x y lo p o ro sis  v iru s  ( l e f t ) ;  in fe c te d  
w ith  p so ro s is  v iru s  ( c e n te r ) ;  and non in fec ted  check 
( r ig h t)  a t  one y ear a f t e r  budding.
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reduced below that o f check plants (F ig . 7 , 9 ) . No fo lia g e  symptoms 
were observed.
X yloporosls: P la n ts  o f Orlando tange lo  budded w ith  budwood
known to  be In fe c te d  w ith  x y lo p o ro sls  were dwarfed compared w ith  check 
p la n ts .  When th e  ro o t systems o f In fec ted  and non liifec ted  p la n ts  were 
compared, th o se  In fec ted  w ith  xy loporosls v iru s  had a reduced roo t 
system  (F ig . 8 ) .  No fo lia g e  symptoms were observed.
Part IX
D if f e re n t ia l  S ta in in g  and P a th o lo g ic a l H isto logy
For th e se  s tu d ie s  bo th  p a th o lo g ica l h is to lo g y  and d i f f e r e n t i a l  
s ta in in g  techniques were ap p lied  to  d e te c t th e  response of c i t r u s  
p la n t t is s u e  to  v iru s  In fe c t io n . S tudies were made on ro o ts  and 
stems of c i t r u s  p la n ts  budded w ith : budwood known to  be In fec ted  
w ith  e x o c o r tis ,  p so ro s is , t r i s t e z a ,  and x y lo p o ro sls  v iru s ;  budwood 
from Plaquemines P a rish  t r e e s ;  and budded, and nonbudded check p la n ts .
Response to  S e lec ted  S ta in s  of Stem and Root T issue  of Sour 
Orange P la n ts  Budded w ith  Budwood Known to  be In fe c te d  w ith  
Four C itru s  V iruses
The response of young stems and roots o f sour orange plants 
budded separately w ith budwood known to be in fected  w ith each of the  
4 c itru s  v iru ses was m icroscop ically  studied a fter  section in g  and 
sta in in g  with 22 d iffe re n t s ta in s . Within the lim its  o f th is  experi­
ment no d ifferen ces in  reaction  to  any s ta in  could be detected  between 
section s from stems of check and section s from stems o f sour orange
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Figure  9 . Root system s o f Key lim e p la n ts  grown in  greenhouse po ts
n o n in fec ted  ( l e f t )  and in fe c te d  w ith  t r i s t e z a  v iru s  ( r ig h t)  
a t  one and o n e -h a lf  y e a r a f t e r  budding.
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p la n ts  budded w ith  e i th e r  e x o c o r tis -  or x y lo p o ro s ls - in fe c te d  budwood. 
Thionin was found to  s ta in  xylem, phloem and co rte x  of check p la n ts  blue 
and the  phloem f ib e r  p ink  (F ig . 10). The c o lo r of xylem and phloem f ib e r  
from p la n ts  budded w ith  p so ro s is -  and t r i s te z a - in f e c te d  budwood was l ig h t  
b lue  and phloem and c o rte x  were grey (Fig* 10). P ro flav in e  s u l f a te  was 
found to  s ta in  the  phloem of check p la n ts  dark  brown and phloem of 
p la n ts  budded w ith  psorosis>-infected  budwood yellow (F ig . 11). Methyl 
orange, when used on sec tio n s  from p la n ts  budded w ith  t r i s te z a - in f e c te d  
budwood, s ta in e d  th e  phloem a l ig h t  orange (F ig . 12), w hile  phloem from 
check p la n ts  was s ta in e d  dark  brown (F ig . 12).
P a th o lo g ic a l H istology:
Exam ination o f check p la n ts  showed th a t  the s t ru c tu re  o f sour 
orange stems and ro o ts  was ty p ic a l  o f d ico ty ledon  stems and ro o ts  
(F ig . 10, 11, 12, 14, 18). Anatomy of ro o ts  and stems of sour orange 
p la n ts  budded w ith  e x o c o rtis -  or w ith  x y lo p o ro s is - in fe c te d  budwood was 
the same as th a t  o f th e  checks.
P sorosis
Anatomical s tu d ie s  on sour orange p la n ts  budded w ith  p so ro s is -  
in fe c te d  budwood showed th a t  the  xylem, phloem, and c o rte x  were d i f ­
fe re n t from check p la n ts .  Some xylem v e sse ls  o f in fe c te d  p la n ts  
con ta ined  diamond-shaped c ry s ta ls  (F ig , 13 ). These c ry s ta ls  were 
found a ls o  in  c o r t i c a l  c e l l s  (F ig . 11).
The phloem o f d iseased  p la n ts  was n e c ro tic  (F ig . 13). No 
c ry s ta ls  were observed in  phloem o f non in fected  p la n ts .  The only . 
d e te c ta b le  d if fe re n c e  between ro o ts  o f in fe c te d  and non in fec ted  p la n ts
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F igure  XO. Cross se c tio n s  o f sour orange steins s ta in e d  w ith  th io n in .
Above: From a p s o ro s is - in fe c te d  p la n t showing gray co lo r
and c ry s ta ls  in  xylem and c o rte x . Below: N oninfected
check showing deep b lue co lo r of xylem and pink  o f co rte x .
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Figure 11. Gross sec tio n s of sour orange stems stained  with pro­
fla v in e  s u lfa te . Above: From a p so ro s is -in fec ted  plant
showing n ecrosis  and yellow  color of phloem and c ry sta ls  
in  xylem and cortex . Below: From a noninfected plant
showing brown color o f phloem.
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Figure 12. Gross sec tio n s o£ sour orange stems stained with methyl 
orange. Above: From a tr is te z a - in fe c te d  p lant showing
n ecrosis  and orange color o f phloem and c ry sta ls  in  
xylem and cortex . Below: From a noninfected plant
showing dark brown co lor o f phloem.
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Figure 13. Gross section s of sour orange stems in fected  w ith psorosis  
v iru s . Above: Note c ry sta ls  in  xylem v e s s e ls ,  Below:
Note phloem n ecro sis .
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was the expansion o f vascular rays in to  the periderm t is su e  (F ig . 14). 
This expansion appeared as a c ircu lar  group of enlarged c e l l s  with 
darker c e l ls  at the margin. No such condition was observed in  check 
p la n ts , where vascular rays ended in  the area o f phloem fib ers  (F ig. 14).
T risteza
M icroscopic observations o f stem section s from sour orange 
plants budded w ith tr is te z a - in fe c te d  budwood showed d ifferen ces from 
that o f check p lants (F ig . 13, 15). Plants budded with tr is te z a -  
in fected  budwood had n ecrotic  spots in phloem t is su e  (F ig . 15).
Diamond-shaped c ry sta ls  were found in abundance in cortex and 
tracheids but rarely  in  phloem (F ig. 12, 15). Chromatic c e l l s  were 
observed in  stem section s of sour orange p lants budded with budwood 
in fected  with T^  stra in  o f tr is te z a  v iru s. These chromatic c e l l s  were 
found in  the parenchyma o f phloem t is s u e , in  xylem rays and p articu lar ly
i
in  c e l l s  near the phloem (F ig. 15).
Anatomical stu d ies on roots from p lants budded with tr is te z a -  
in fected  budwood showed n ecrosis in  phloem t is su e  (F ig . 16). No 
chromatic c e l l s  were observed in  the ro o ts .
Response to Selected  Stains of Stem and Root Tissue o f Sour Orange 
Plants Budded with Budwood from Plaquemines Parish Trees
Thionin, methyl orange and proflavine su lfa te  were applied to
sectio n s of sour orange stems budded with budwood from Plaquemines
Parish. These were examined under the microscope for th eir  response
to these sta in s  and for d etection  of any abnormal anatomy. Out of 81
sour orange p lants budded with.budwood from Plaquemines Parish tr e e s ,
73 p lants gave the same reaction  to  sta in s and showed the same structure
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Figure 14. Gross section s of sour orange ro o ts . Above: From a
plant In fected  with p sorosis v ir u s . Note p rojection  
of vascular ray in to  periderm. Below: Budded check.
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F igure  15. Cross se c tio n s  o f sour orange stems in fe c te d  w ith  2
s t r a in s  o f t r i s t e z a  v i r u s .  Above: Common s t r a in  show­
ing phloem n e c ro s is  and c ry s ta ls  in  tra c h e id s  and co rtex .
Below: Severe s t r a in  showing chrom atic c e l l s  in  both
xylem and phloem ra y s .
Figure  16. Cross se c t io n  o£ sour orange ro o t  from a p la n t  in fec te d  
w ith  t r i s t e z a  v i r u s .  Note phloem n e c ro s is .
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abnorm ali t ie s  as sec tio n s  from sour orange seed lings  budded w ith  bud­
wood in fe c te d  w ith  t r i s t e z a  v i r u s .  Twenty-nine of 81 sour orange p lan ts  
appeared s im ila r  to  se c t io n s  from seed lings  budded w ith budwood in fe c te d  
w ith  p so ro s is  v i ru s  (Fig. 17).
P a th o lo g ica l  S tud ies  on Roots o f Three C itru s  V a r ie t ie s  Each 
Budded w ith  One o f the  Three V iruses
P h lo rog lu c in o l-hy d ro ch lo r ic  ac id  s t a in  was app lied  to  ro o ts  of 
t r i f o l i a t e  orange p la n ts  budded w ith  e x o c o r t is - in fe c te d  budwood. In a 
few se c t io n s  small areas o f red  co lor in  phloem t i s s u e  were found. No 
comparable d is c o lo ra t io n  was n o ticed  in  phloem of check p la n ts .  Sec­
t io n s  from ro o ts  o f Key lime p la n ts  budded w ith  budwood in fe c te d  with 
t r i s t e z a  v i ru s  s ta in e d  w ith th ion iri had chromatic c e l l s  in  the  paren­
chyma c e l l s  of the phloem and in  xylem rays  (Fig . 18). No chromatic 
c e l l s  were found in  the same t i s s u e s  of check p la n ts  (F ig . 18). 
R eactions from 10 ro o ts  of Orlando tange lo  p la n ts  budded with 
x y lo p o ro s is - in fe c te d  budwood revea led  l i t t l e  or no d if fe re n c e s  from 
normal anatomy.
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Figure 17. Cross se c t io n  of sour orange stem budded w ith  budwood
from a t r e e  in  Plaquemines P a r ish  and s ta in e d  w ith  p ro ­
f la v in e  s u l f a te .  Note yellow co lo r  of phloem and 
c ry s ta l s  in  xylem and co rtex .
Figure  18. Cross sec t io n s  of Key lime ro o ts  frpm p la n ts  in fe c te d  
w ith  t r i s t e z a  v i r u s .  Above: Note chromatic c e l l s  in
phloem parenchyma. Center: Note chromatic c e l l s  in
xylem rays  and phloem. Below: Noninfected check.
DISCUSSION
The f i r s t  c i t r u s  d isease  shown to  be caused by a v i ru s  was 
p so ro s is  in  1933 (18). Since th a t  time the work rep o r te d  on t h i s  
v i ru s  d isease  and o th er  c i t r u s  v i ru s  d iseases  has been concerned p r i ­
m arily  w ith  observ a tion , geographic d i s t r ib u t i o n ,  symptomology, methods 
o f  tran sm iss io n , and response of va rious  c i t r u s  v a r i e t i e s  to  v i ru s  in ­
fe c t io n  (50, 67). S tudies on physica l and chemical p ro p e r t ie s  of 
c i t r u s  v i ru se s  have been l im ite d  b e c a u se , . to  d a te ,  only one v i ru s  has 
been m echanically  t ra n sm it te d  to  a herbaceous h o s t .  This was in fe c t io u s  
v a r ie g a t io n ,  a s t r a i n  of p so ro s is  v i ru s  (26). .*
R ecently , most of the  a t t e n t io n  and work in  c i t r u s  v i ru s  r e ­
search  has been d i re c te d  toward indexing and assaying for the presence 
o f 4 v i r u s e s ,  namely, e x o c o r t is ,  p so ro s is ,  t r i s t e z a  and xy loporosis .
The work has depended on symptom production  on su sce p tib le  in d ic a to r
/
c i t r u s  p la n ts  (6, 50, 67, 70). Symptoms alone are  no t completely 
r e l i a b l e  fo r  the d e te c t io n  of v i ru s  in f e c t io n ,  s ince  some symptoms, 
such as c h lo ro s is ,  n e c ro s is ,  and dwarfing, may be due to  o ther  f a c to r s .  
Symptoms of c i t r u s  v i ru s  in f e c t io n  on in d ic a to r  p la n ts  under optimum 
c o nd it ions  in  F lo r id a  appear w ith in  6 months fo r t r i s t e z a ,  2 years  for 
p s o ro s is ,  4 years  fo r  x y lo p o ro s is ,  and 8 years  fo r  e x o co r t is  (6 ) .  in  
C a l i fo rn ia  symptoms of e x o c o r t i s ,  p so ro s is  and t r i s t e z a  are known to
4
appear w ith in  1 1/2 years  and x y loporosis  may take 2 years  or more (42). 
An apparent l im i ta t io n  to  t h i s  study was the lack  of optimum co nd itions  
fo r  symptom exp ress ion .v  E xocortis  symptoms can appear in  6 months (45).
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Since the  lack  of symptoms i s  used as a c r i t e r i o n  fo r  d e te r ­
mining th a t  a p la n t  i s  v i r u s - f r e e ,  o ther methods o f v i ru s  d e te c t io n  
need to  be developed where optimum cond itions  for v i ru s  express ion  
do no t e x i s t .  For this_ reason  the  phloroglucinol-HCl t e s t  has been 
used in  F lo r id a  for the  d e te c t io n  o f e x o co r t is  v i ru s  in f e c t io n  (6 ) .  
A pplica tion  of such procedures, which in d ic a te  in fe c t io n  w ith  c e r ta in  
v i r u s e s ,  has obvious b e n e f i ts  and might be used as a supplementary or 
s u b s t i tu t e  t e s t  to symptomology (17, 31).
P a tho log ica l h is to lo g y  s tu d ie s  a lso  have proved to  be a u se fu l  
supplementary to o l  in  d e te c t in g  v i ru s  in fe c t io n  in  p la n ts  o ther  than 
c i t r u s  (15, 16, 17).
A p o r t io n  of the work, rep o r te d  in  th i s  d i s s e r t a t io n ,  was 
done to  determine i f  the use of p a th o lo g ica l  h is to lo g y  and d i f f e r ­
e n t i a l  s ta in in g  might b e .u se fu l  as supplementary to o ls  fo r  the 
d e te c t io n  of c e r t a in  c i t r u s  v i r u s e s .  A su ccess fu l  t e s t  might be 
used to  d e te c t  v i ru s  in fe c t io n  in  symptomless c a r r i e r s  or on p lan ts  
where a long time i s  needed fo r  symptoms to  develop. Such a t e s t  
would have p r a c t i c a l  s ig n if ic a n c e  in  a budwood c e r t i f i c a t i o n  program. 
Such in fo rm ation , a ls o ,  would add to  our knowledge about the re a c t io n  
of p la n t  c e l l s  and t i s s u e s  to  v iru s  in fe c t io n .
The iod ine  t e s t  has been used as a n o n sp ec if ic  t e s t  fo r  the 
d e te c t io n  of mosaic v iru se s  (2, 30) and fo r  the q u a l i t a t iv e  assay of 
mosaic-type v i ru s e s ,  such as tobacco etch v i ru s  (2) and tobacco 
mosaic v iru s  (30). The t e s t  has been used on stems of mature c i t r u s  
t r e e s  in  Louisiana to  d e te c t  the presence o f t r i s t e z a  v i r u s  (54).
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When the  Iodine  t e s t  was app lied  to  Louisiana  f i e l d  t r e e s  in  
the f a l l  of 1963 and again in  the sp ring  of 1964, i t  was found th a t  
a l l  t r e e s  t e s te d  in  the  f a l l  of 1963 had more s ta rc h  accumulated below 
than above the  bud union. The opposite  was t ru e  in  almost a l l  the  t r e e s  
t e s te d  in  the sp ring  of 1964 when more s ta rc h  was found to  be accumu- 
l a t e d  above r a th e r  than  below the bud union. The r e s u l t s  from the 
sp ring  t e s t s  were s im ila r  to  those of Schexnayder (54), who did not 
mention the  times of the t e s t .  The d if fe re n c e s  found might be exp la ined , 
however, by the f a c t  th a t  t r i f o l i a t e  orange i s  t o le r a n t  to  t r i s t e z a  
v i ru s  and th a t  t r i f o l i a t e  orange d e fo l ia te s  and goes in to  dormancy in  
the  f a l l  of the y ea r .  Sour orange, the  ro o ts to c k  Schexnayder (52) used 
in  most o f h is  s tu d ie s ,  i s  su sce p tib le  to  t r i s t e z a  v i r u s  and does n o t • 
d e fo l i a t e  and i s  considered  an evergreen. No conclusion  can be drawn 
to ex p la in  th i s  d if fe re n c e  u n t i l  f u r th e r  s tu d ie s  are  made.
R esu lts  from using  the  iod ine  t e s t  on greenhouse-grown p la n ts  
in d ic a te d  th a t  the  stems o f  c i t r u s  v i r u s - in f e c te d  in d ic a to r  p la n ts  
accumulated more s ta rc h  below than above the bud union. This s ta rc h  
accumulation may be due to  degradation  in  t i s s u e  concerned w ith  photo­
sy n th e s is  or movement of food and water (17).
The iod ine  t e s t  app lied  to  sour orange leaves from greenhouse 
p la n ts  seemed to  be u se fu l  in  d e te c t in g  in fe c t io n  by p so ro s is  v i ru s  in  
sour orange p la n t s .  The re a c t io n  v a r ie d  according to  the time the 
leaves  were h a rv es ted . I f  leaves were h a rves ted  during the  day and 
te s te d  immediately, th e re  was le s s  s ta rc h  accumulated in  in fe c te d  
c e l l s  than in  the  r e s t  o f  the  l e a f .  This r e s u l te d  in  a l ig h t e r  area  
a g a in s t  a dark b lue background. I f  the leaves were ha rv es ted  l a t e  in
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the  day and s to re d  in  the  dark  over n ig h t ,  the  opposite  was t r u e .  This 
r e s u l te d  in  a dark blue co lo r  a g a in s t  a l ig h t  background. These d i f ­
ferences  may be due to  2 e f f e c t s .  One e f f e c t  might be the  decrease 
of photosynthesis  (17) and the  o th er  the r a t e  o f  movement o f s ta rc h  
out o f in fe c te d  c e l l s  (17 ).
F u rther  s tu d ie s  in d ic a te d  th a t  the  use of d i f f e r e n t i a l  s ta in in g  
might be a u se fu l  to o l  to  d e te c t  in fe c t io n  of c i t r u s  p lan ts  by e i th e r  
the t r i s t e z a  or p so ro s is  v i ru s e s .  The d if fe re n c e s  in  response o f 
d iseased  and h ea lth y  t i s s u e  to  s ta in s  might be due to  the  production , 
accumulation or absence of c e r t a in  substances in  v i ru s - in fe c te d  t i s s u e  
which would r e a c t  w ith  th e  s t a in  and cause a change in  c o lo r .  Produc­
t io n  or accumulation of such substances might be due to  a l t e r in g  of 
normal metabolism (17).
P ro f lav in  s u l f a te  was found to  be u se fu l  in  d e te c t in g  in fe c t io n  
by p so ros is  v i ru s  in  sour orange stems. The phloem of non in fec ted  sour 
orange stems s ta in e d  brcwn, w hile  th a t  of in fec te d  stems s ta in e d  yellow .
Thionin was found to  be u se fu l  in  d e te c t in g  in fe c t io n  by 
p so ro s is  and t r i s t e z a  v iru se s  in  stems o f sour orange p lan ts*  The 
xylem of noninfected  stems s ta in e d  a dark blue w hile  th a t  o f v i r u s -  
in fec te d  stems s ta in e d  a  l ig h t  b lue or g rey . Thionin is  used to  d e te c t  
the  presence of amylose (12) . This d if fe re n c e  might be due to th e  
presence or accumulation o f  amylose in  young stems of non in fec ted  
p la n t s .
Methyl orange was found to  be u se fu l  in  d e te c t in g  the  presence 
of t r i s t e z a  v iru s  in fe c t io n  in  sour orange stems. The phloem-of in ­
fec ted  p la n ts  was found to  be orange, w hile  noninfected  stems had a
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dark  brown c o lo r .  Methyl orange Is a cytoplasmic s t a i n ,  the  co lo r  Is  
produced depending upon the a c id i ty  of the m a te r ia l  (12). In a basic  
s o lu t io n ,  i t  tu rn s  orange and in  an ac id  so lu t io n  i t  tu rn s  red . In-
m
f e c t io n  by pso ro s is  may r e s u l t  in  accumulation of substances which 
caused changes in  pH from an ac id  to basic  r e a c t io n ,
P h lo ro g luc ino l-hydroch lo ric  ac id  mixture was found to  be u se fu l  
in  in d ic a t in g  the presence of e x o co r t is  v i ru s  in fe c t io n  in  the ro o ts  of 
t r i f o l i a t e  orange p la n t s .  This t e s t ,  however, i s  not considered com­
p le te ly  r e l i a b l e  by t h i s  au thor or by the  o r ig in a l  author (10), I t  
was found th a t  the  d if fe re n c e s  between h ea lthy  and d iseased  p lan ts  
were a r b i t r a r y .  In h ea lth y  p lan ts  no red  co lo r  was de tec ted  in  the
phloem. In diseased plants, however, some cells of phloem tissue will
*
tu rn  red . These c e l l s  may not be p resen t in  a l l  se c t io n s  from d iseased  
p la n ts .  This may lead to  the  co n s id e ra tio n  th a t  some p la n ts  a re  h ea lthy  
w hile  in r e a l i t y  they a re  in fe c te d  w ith  e x o co r t is  v i r u s .
P a tho log ica l h is to lo g y  s tu d ie s  proved to  be u se fu l  in  d iagnos­
ing c e r t a in  v i ru s  in fe c t io n  in  c e r t a in  c i t r u s  p la n ts .  These r e s u l t s  
agree with work repo rted  using o ther  p la n t -v iru s  combinations (15, 16). 
The value o f p a th o lo g ica l  h is to lo g y  is  not only in  d e te c t in g  v iru s  i n ­
f e c t io n  but a lso  in  understanding the re a c t io n  o f  host t i s s u e  to  v iru s  
in fe c t io n .
H is to lo g ic a l  s tu d ie s  on p s o ro s is - in fe c te d  stems of sour orange 
p lan ts  showed the presence o f n e c ro t ic  phloem and diamond-shaped 
c ry s ta l s  in  some xylem v e s s e ls .  The presence o f  these  c r y s ta l s  has not 
been repo rted  in  mature t r e e s  (69). Vascular rays of ro o ts  were found 
to  p r o l i f e r a t e  in to  the periderm. No c ry s ta l s  or n ec ro s is  was found
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in  ro o t  phloem. N ecro tic  phloem and plugging of xylem v e s se ls  by 
c ry s t a l s  might a f f e c t  the  movement of food and water in  the p la n ts .  
P la n ts ,  thus a f f e c te d ,  would tend to  be weak, u n th r i f ty  and might 
account for the  d e te r io r a t io n  of the ro o t  system of v i ru s - in fe c te d  
p la n t s .
T r is te z a - in f e c te d  stems of sour orange p la n ts  were c h a ra c te r ­
ized  by phloem n e c ro s is  arid diamond-shaped c ry s ta l s  in  th e  t r a c h e id s .  
Phloem n e c ro s is  of mature t r e e s  in fe c te d  w ith t r i s t e z a  v i ru s  has been 
rep o r te d  (55). Chromatic c e l l s  were found in  sour orange stems in fec te d  
w ith  a severe s t r a i n  of t r i s t e z a  (designated  as Tg from F l o r i d a ) . These 
chromatic c e l l s  were found in  the  phloem, p a r t i c u l a r ly  in  parenchyma 
c e l l s  and xylem ra y s .  /
Roots of t r i s t e z a - i n f e c t e d  sour orange p la n ts  were c h a rac te r ize d  
by n e c ro t ic  phloem.; Chromatic c e l l s  were no t observed. Roots of Key 
lim e, however, d id  con ta in  chromatic c e l l s  in  the  phloem and in  xylem 
ray s .  Phloem n e c ro s is  a lso  was observed. These r e s u l t s  agree w ith 
those of Schneider (55, 57), except fo r  the appearance of chromatic 
c e l l s  in  the  xylem ray s  in  Key lime p la n ts .  The phloem n e c ro s is  
would i n te r f e r e  w ith  the  t r a n s lo c a t io n  of food m a te r ia l  and the 
dec line  of the  in fe c te d  p la n t .  The presence of c ry s ta l s  in  the 
t rac h e id s  might have an e f f e c t  on water movement.
Examination of e x o c o r t is - in fe c te d  sour orange p la n ts  showed 
no obvious d if fe re n c e s  from the  non in fec ted  check p la n ts .  This may 
be due to  the f a c t  th a t  sour orange i s  to le r a n t  to  ex o co r t is .  The 
ro o ts  of e x o c o r t i s - in fe c te d  t r i f o l i a t e  orange p la n t s ,  however, showed 
phloem n e c ro s is .  These r e s u l t s  a re  in  agreement w ith  those o f C hilds ,
e t  a l .  (16). T r i f o l i a t e  orange i s  q u i te  su sc e p t ib le  to  ex o co r t is  v iru s  
and i s  used as an in d ic a to r  p la n t .
No anatomical abnorm alit ie s  were d e tec ted  in  sour orange or 
Orlando tangelo  p la n ts  in fe c te d  w ith  xy loporosis  v i r u s .  This may 
have been due to  the  long incubation  period  req u ire d  by the  v i ru s  
before  symptoms show. A 2 years  or longer incuba tion  period  i s  r e ­
qu ired .
R esu lts  from the  s tu d ie s  on d i f f e r e n t i a l  s ta in in g  and patho­
lo g ic a l  h is to lo g y  were used to  determine the presence of v i ru se s  in  
p la n ts  budded w ith  budwood from the  t r e e s  in  Plaquemines P a r ish .  The 
use of the iod ine  t e s t ,  th io n in  and p ro f lav in e  t e s t s  in d ic a te d  th a t  
th e re  was a t  l e a s t  1 or maybe more than 1 v i ru s  p resen t  in  every p la n t  
t e s te d .  P so rosis  was de tec ted  in  25 per cent of the  t r e e s  when the  
th io n in  and p ro f lav in e  s u l f a te  t e s t s  were used. This was confirmed 
by our r e s u l t s  from the  p a th o lo g ica l  h is to lo g y  s tu d ie s  of sour orange 
p la n t s .  The presence of t r i s t e z a  v i ru s  was in d ic a te d  in  90 per cent 
o f  budwood budded on sour orange p la n ts  when the  th io n in  and methyl 
orange t e s t s  w e re .ap p lied . T h is , a ls o ,  was confirmed by our r e s u l t s  
from p a th o lo g ica l  h is to lo g y  s tu d ie s .
The d iag n o s tic  r e a c t io n  in  some se c t io n s  on sour orange p la n ts  
budded w ith  budwood from Plaquemines P a r ish  was not c le a r .  I t  may 
have been th a t  the presence of more than 1 v i ru s  can a f f e c t  the 
response of the  t i s s u e  to  1 of the  t e s t  s t a in s .
Although symptoms are  no t too r e l i a b l e  fo r the d e te c t io n  of 
c i t r u s  v i r u s e s ,  they are  s t i l l  the main means of d e te c t in g  v i ru s  in ­
fe c t io n .  In  the f i e l d ,  2 t r e e s  on t r i f o l i a t e  orange ro o ts to c k  were
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found th a t  had ty p ic a l  e x o co r t is  symptoms. Since most of the  t r e e s  in  
Plaquemines P a r ish  a re  10 years  o ld ,  or o lder  and a l l  a re  on t r i f o l i a t e  
ro o ts to c k ,  i t  can be assumed th a t  the  o ther  t r e e s  a re  f re e  o f ex o co r t is  
v i r u s .  Greenhouse-grown t r i f o l i a t e  orange p la n ts  in fe c te d  w ith  
e x o c o r t is  v i ru s  showed some d e te r io r a t io n .
Symptoms of p sp ro s is  in f e c t io n  on f i e l d  t r e e s  was absen t. This 
may be due to  the  f a c t  th a t  the t r e e s  observed were a l l  on t r i f o l i a t e  
orange ro o ts to c k ,  which i s  considered to  be t o le r a n t  to  the v i r u s .  
Fo liage  symptoms oh greenhouse-grown in d ic a to r  p la n ts  were masked 
because of some noncon tro lled  environmental f a c t o r . Roots from 
p s o ro s is - in fe c te d  sour orange p la n ts  showed d e te r io r a t io n .
Symptoms of t r i s t e z a  v i ru s  d isease  were n o t observed in  the 
f i e l d  because t r i f o l i a t e  orange, t o le r a n t  to  t r i s t e z a  v i r u s ,  was used 
throughout as ro o ts to c k .  Greenhouse p la n ts  o f sour orange and Key lime 
showed l a t e  symptoms which appeared to  be due to  t r i s t e z a  v i r u s .  The 
ro o ts  o f both Key lime and sour orange p la n ts  in fe c te d  w ith  t r i s t e z a  
v i ru s  were d e te r io r a te d .
Symptoms o f xy loporosis  v i ru s  d isease  were observed for. the 
f i r s t  time in  L ouis iana  a t  3 d i f f e r e n t  lo c a t io n s  in  the  southern  most 
p a r t  of Plaquemines P a r ish .  Under greenhouse con d itions  no fo l ia g e  
symptoms were n o t ic e d .  This was probably due t o  the f a c t  th a t  an 
incuba tion  period  of a t  l e a s t  2 1/2 y ears  i s  req u ire d  under favorab le  
c o n d it io n s .  D e te r io ra t io n  of ro o ts  from in fec te d  p la n ts  was n o t iced .
I t  appeared th a t  e x o c o r t is ,  p so ro s is ,  t r i s t e z a  and xy loporosis  
were p re sen t  in  su rv iv ing  t r e e s  in  Plaquemines P a r ish .  This cond it io n  
i s  s im ila r  to  o th er  s t a t e s ,  such as Texas, F lo r id a  and C a l i fo rn ia ,
where i t  i s  hard to  f in d  any t r e e  completely f ree  from v i r u s  in fe c t io n  
(50, 67). Since t r i f o l i a t e  orange i s  widely used in  Louisiana, the re  
i s  no fea r  fo r  lo sse s  due to  e i th e r  t r i s t e z a  v i ru s  or p so ro s is  v i r u s .  
E xocortis  and xy loporosis  were found only in  l im ite d  a re a s .  By using 
budwood which i s  f re e  from e x o co r t is  and xy loporosis  v i ru s e s ,  Louisiana 
c i t r u s  growers should be sa fe  from lo sse s  due to  these  v i ru s e s .
SUMMARY
1 . An indexing program was i n i t i a t e d  for th e  f i r s t  time in  
Louisiana  for d e te c t in g  4 c i t r u s  v i ru s e s  in  mature c i t r u s  t r e e s  th a t  
survived the . 1962 f re e z e .  The randomly se le c te d  t r e e s  were indexed 
fo r  the presence o f e x o c o r t is ,  p s o ro s is ,  t r i s t e z a  and xy loporosis  
v i ru s e s .
2. R e su l ts  from t h i s  s tudy , u s ing  symptomology, d i f f e r e n t i a l
s ta in in g ,  and p a th o lo g ica l  h is to lo g y  in d ic a te d  th a t  probably a l l  4
/
v i ru s e s  could be found among mature c i t r u s  t r e e s  growing in  Plaquemines 
P a r ish ,  Louisiana. I t  was suggested th a t  no t r e e  in  Plaquemines P a r ish  
was f ree  from a l l  4 v i ru se s  and some may con ta in  more than 1 v i ru s .
The s i t u a t io n  was considered  comparable to  th a t  found in  o ther  c i t r u s -  
growing s t a t e s .
3. The r e a c t io n  of mature c i t r u s  t r e e s  in  Plaquemines P a r ish  
to  the iod ine  t e s t  fo r the  d e te c t io n  of t r i s t e z a  was v a r ia b le .  In  
the  f a l l  of 1963, th e re  was more s ta rc h  accumulated below than above 
the  bud union. In  the sp ring  of 1964, however, more s ta rc h  was ac­
cumulated above than  below the  bud union.
4. The a p p l ic a t io n  of the  iod ine  t e s t  to  stems of v a rio u s  
c i t r u s  p la n ts  grown under greenhouse cond itions  in d ic a te d  th a t  i t  
could be used as a n o n sp ec if ic  in d ic a to r  for d e te c t io n  of v i ru s  in -  . 
f e c t io n .  This a p p l ic a t io n  of the  iod ine  t e s t  had not been rep o r te d  
p r io r  to  th i s  time.
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5. The iod ine  t e s t  was found u se fu l  in  d e te c t in g  th e  presence 
o f p so ro s is  v i ru s  in  the  leaves of sour o ra n g e . - This a lso  was a new 
a p p lic a t io n  of the  iod ine  t e s t .
6 . Thionin was found fo r  the  f i r s t  time to  be a u se fu l  d i f -  • 
f e r e n t i a l  s t a in  to  d e te c t  the  in fe c t io n  by e i th e r  t r i s t e z a  or p so ro s is  
v i ru s  in  sour orange p la n ts .
. 7. P ro f la v in  s u l f a te  was found fo r  the f i r s t  time to  be u se fu l  
in  d e te c t in g  p so ro s is  v i ru s  in fe c t io n  in  sour orange p la n ts .
8 . Methyl., orange was found fo r  the  f i r s t  time to  be u se fu l  in
d e te c t in g  t r i s t e z a  v i ru s  in fe c t io n  in  sour orange stems.
9. P h lo rog luc ino l-h yd roch lo r ic  a c id ,  although not considered 
as r e l i a b l e  as the  o ther  s t a in s ,  might be used to  d e te c t  the  presence
of e x o c o r t is  v i ru s  in f e c t io n  in  t r i f o l i a t e  orange p la n t s .
10. The e f f e c t  of the  t r i s t e z a  v i ru s  on the  anatomy of young 
p la n ts  of sour orange was s tud ied  and rep o r te d  fo r  the f i r s t  time.
11. The phloem of stems and ro o ts  of sour orange p la n ts  in ­
fec ted  w ith  t r i s t e z a  v i ru s  was found to  be n e c ro t ic .  Phloem n ec ro s is  
had been re p o r te d  e a r l i e r  to  occur in  t r i s t e z a - i n f e c t e d  mature t r e e s  
under f i e l d  c o n d i t io n s .
12. Chromatic c e l l s  were found fo r  the  f i r s t  time in  xylem 
rays  and phloem t i s s u e  o f sour orange p la n ts  In fec ted  w ith  t r i s t e z a  
v i r u s .  Chromatic c e l l s  had not been rep o r te d  p rev ious ly  to  occur in  
phloem and xylem rays  (53, 55). No chromatic c e l l s  were found in  the 
ro o ts  of t r i s t e z a - i n f e c t e d  p la n ts .
13. C ry s ta ls  were found in  the  t ra c h e id s  and cortex  of 
t r i s t e z a - i n f e c t e d  stems of sour orange p la n ts .
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14. Chromatic c e l l s  were found fo r  the  f i r s t  time In the  xylem 
rays  of Key lime p la n ts  In fe c te d  w ith  t r i s t e z a  v i r u s .  S ch n e id e r 's  
(57) re p o r t  o f phloem n e c ro s is  and chromatic c e l l s  In  the phloem was 
confirmed.
15. The anatomy of sour orange p la n ts  budded w ith  budwood 
known to  be In fe c te d  w ith e i t h e r  e x o co r t is  or xy loporosis  v i ru se s  
showed no d i f fe re n c e s  from check p la n ts .
16. The stems of p so ro s ls - ln fe c te d  sour orange p la n ts  were 
c h a ra c te r iz e d  by phloem n e c ro s is  and diamond*shaped c r y s t a l s  In  the  
xylem v e s s e ls .
17. Roots o f p s o ro s ls - ln fe c te d  sour orange p la n ts  were charac­
te r i z e d  by e longa tion  of v a scu la r  rays In to  the  periderm.
18. Roots o f  t r i f o l i a t e  orange p la n ts  In fec ted  w ith  e x o c o r t is  
v i ru s  contained  n e c ro t ic  phloem s im ila r  to  th a t  rep o r te d  by Childs,
e t  a l .  (10).
19. The ro o ts  from a l l  p la n ts  in fe c te d  w ith  any of the  4 
v i ru se s  s tu d ied  showed some d e te r io r a t io n  and red u c t io n  in  q u a n ti ty .
20. All p la n ts  in fe c te d  w ith  any of the  4 v i ru s e s  s tud ied  
showed dwarfing.
21. For the  f i r a t  tim e, symptoms s im ila r  to  those produced 
by the xy loporosis  v i ru s  were recorded on c e r t a in  mature c i t r u s  t r e e s  
in  Plaquemines P a r ish .
22. Combining the  r e s u l t s  obtained  in  the v a rio u s  s tu d ie s ,  such 
as the iod ine  t e s t ,  d i f f e r e n t i a l  s ta in in g  and p a th o lo g ica l  h is to lo g y ,
i t  appears th a t  90 per cent o f the  su rv iv ing  t r e e s  in  Plaquemines
81
P a rish  were in fe c te d  w ith  t r i s t e z a  v i ru s  and 25 per cen t were in fe c te d  
w ith  the  p so ro s is  v i r u s .
23. Observations in d ic a te d  th a t  n e i th e r  e x o c o r t is  nor xy loporosis  
v i ru s  was widespread in  Plaquemines P a r ish .
I
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